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PLASTICALLY DEFORMING AND RADIALLY EXPANDING AN EXPANDABLE 

TUBULAR MEMBER 

This invention relates generally to plastically deforming and radially expanding 
an expandat)le tubular member. 
5 Background of the Invention 

Conventionally, when a wellbore is created, a number of casings are Installed in 
the borehole to prevent ooDapse of the borehole wall and to prevent undesired outflow 
of drilling fluid into the fonnation or inflow of fluid from the fomnation into the borehole. 
The borehole Is drilled in intervals whereby a casing which is to be Installed in a lower 
10 borehole interval is lowered through a previously installed casing of an upper borehole 
Interval. As a consequence of this procedure the casing of the lower Interval is of 
smaller diameter than the casing of the upper intenral. Thus, the casings are In a 
nested anangement with casing diameters decreasing In downward cDrection. Cement 
annull are provided between the outer surfaces of the casings and the borehole wail to 
15 seal the casings from the borehole wall. As a consequence of this nested arrangement 
a relatively large borehole diameter is required at the upper part of the wellbore. Such 
a large borehole diameter Involves increased costs due to heavy casing handling 
equipment, large drill bite and Increased volumes of drilling fluid and drill cuttings. 
Moreover, increased drilling rig time is Involved due to required cement pumping. 
20 cement hardening, required equipment changes due to large variations in hole 

diameters drilled in the oouree of the well, and the large volume of cuttings drilted and 
removed. 

The present invention is directed to overcoming one or more of the limitations of 
the existing procedures for fbnning new sections of casing in a wellbore. 
^ Summary of the Invention 

According to the present invention there Is provided a method of plastically 
defonning and radially expanding an expandable tubular member using an apparatus 
comprising a tubular support member, an adjustebto expansion device movably 
coupled to tiie tubular support member, and an actuator movably coupted to ttw tubular 
30 support member for adjusting the adjustebte expansion device, comprising: 

coupling a first end of the expandabte tubular member to a tubular stmcture; 
Inserting «ie apparatus into ttie first end of the expandable tubular member in a 
first direction; 

displadng the actuator of tiie apparatus in a second direction opposite to the 
35 first direction; 

applying a reslitent biasing force to the adjus tebte expansion dssrint* in tha 
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seoond direction; 

moving the actuator and the adjustal)l6 expansion device of the apparatus out 
of a second end of the expandable tubular member, 

reinserting the actuator of the apparatus into the second end of the expandable 
5 tubular member in the second direction; 

increasing the outside dianneter of the adjustable expansion device by 
displacing the actuator and the adjustable expansion device relative to the expandable 
tubular member in the first direction; and 

plastically defomfiing and radially expanding the expandable tubular member by 
10 moving the adjustable expansion device through the expandable tubular nr)ember in the 
seoond direction. 

PrefereUy, displacing the actuator of the apparatus in the second direction 
comprises: 

impacting the actuator with the first end of the expandable tubular member. 
1 5 Preferebly, displadng the actuator and the adjustable expansion device relative 

to the expandable tubular member in the first direction comprises: 

Impacting the actuator with the second end of the expandable tubular member. 
Preferably, moving the adjustable expansion device through the expandable 
tubular member comprises: 
20 pulling the adjustable expansion device through the expandable tubular member. 

Preferably, the method further comprises: 

fluidldy sealing the interface between the tubular support member of the 
apparatus and the expandable tubidar member, 

wherein moving the adjustable expansion device through the expandable tubular 
25 member comprises: 

injecting a pressurized fluid into the tubular support member. 
According to another aspect of the present invention there is provided an 
apparatus for plastically deforming and radially expanding an expandable tubular 
member, comprising: 
30 a tubular support member, 

an adjustable expansion device movably coupled to the tubular support member, 
actuating means for actuating the adjustable expansion device; 
means for displacing the actuating means of the apparatus In a firat direction; 
means for applying a resilient biasing force to the adjustable expansion device 
35 when the actuating means is displaoed In the first direction; 


means for increasing the outside diameter of ttte adjustable expansion device by 
displacing ttie actuating means and the adjustable expansion de>nce relative to the 
expandable tubular member In a second direction opposite to the first direction. 

Preferably, the means for displacing the actuating means of the apparatus In the 
first direction comprises: 

means for impacting the actuating means. 

Preferably, the means for displacing the actuating meara and the adjustable 
expansion device relative to the expandable tubular member In the second direcUon 
comprises: 

means for impacting the actuating means. 

Brief Description of the Drawings 

Figs. 1 and 1a-1d are fragmentary cross-sectional views of an embodiment of 
the placement of an apparatus for radially expanding a tubular member within a tubular 
member within a borehole within a subterranean fonmation. 

Rg. 1e is a cross-sectional view of an embodiment of the expansion cone 
support body of the apparatus of Figs. 1 and 1a-1d. 

Fig. If Is a cross-secUonai view of the expansion cone support body of Fig. 1e. 
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Fig. 1g is a side vimr of an embodiment of an expansion cone segment for use 
in the apparatus of Figs. 1 and 1a-1d. 

Fig. 1h is a front view of the expansion cone segment of Fig. 1g. 

Fig. 1i is a top view ctf the expansion oone segment of Fig. 1g. 
5 Fig. 1j is a top view of an embodiment of interioddng expansion cone segments 

for use in the apparatus of Figs. 1 and 1a-1d. 

Fig. Ik is a lop f^menlary circumferential view of an embodiment of the 
coupling arrangement between the expansion cone segments and the split ring collar 
for use In the apparatus of Figs. 1 and 1a-1d. 
1 0 Figs. 1 1 and 1 m are top schematic views of an embodiment of the coupling 

between the J-slots of the drag blocks and the tugs of the tajbular support member of 
the apparatus of Figs. 1 and 1a-1d. 

Figs. 2 and 2a-2d are fragmentary cross-sectional illustrations of the apparatus 
of Figs. 1 and 1a->1d during the radial expansion of the tubular member within the 
1 5 borehole within the subterranean fomnatkMi. 

Rgs. 2e and 2f are illustrations of an embodiment of the J-slots of the drag 
blocks and the lugs of the tubular support member of the apparatus of Figs. 2 and 2a- 
2d. 

Figs. 2g and 2h are illustrations of an alternative embodiment of the J-sfots of 
20 the drag blocks and the lugs of the tubular support member of the apparatus of Figs. 2 
and2a-2d. 

Figs. 3 and 3a-3c are fragmentary cross^-sedtonal illustrattons of an 
embodiment of the placement of an apparatus for radiaOy expanding a tubular member 
within a welibore casing within a subtenranean formation. 
25 Fig. 3d is a cross-sectional view of an embodiment of the expanston oone 

support body of the apparatus of Figs. 3 and 3a-3a 

Fig. 3e is a ooss-secttonal view of the expansion cone support body of Fig. 3d. 

Fig. 3f is a side view of an embodiment of an expansion cone segment for use 
in the apparatus of Figs. 3 and 3a-3c. 
30 Fig. 3g is a front view of the expansion cone segment of Rg. 3f. 

Fig. 3h is a top view of the expansion cone segment of Fig. 3f. 

Fig. 3i is a top view of an embodiment of Interiocking expansion cone segments 
for use in the apparatus of Figs. 3 and 3a-3c. 

Fig. 3J is a top fragmentary drcumferentiai view of an embodiment of the 
35 coupling anangement between the expansion cone segments and the split ring collar 
for use in the apparatus of Figs. 3 and 3a-3c. 


Figs. 4 and 4»4d are fragmentary cross-sectional illustrations of an 
embodinwnt of the placement of the apparatus of Rgs. 3 and 3a-3c including an 
expandable tutelar member within an expandable tubular member within a 
subterranean formation. 

Figs. 5 and 5a-5d are fragmentary cross-seeUonal illustrations of an 
embodinwnt of the operation of the apparatus of Figs. 4 and 4a4d during the radial 
expansion of the expandable tubular member within the borehole wHhin the 
subterranean formation. 

Figs. 6 and 6a-6d are fragmentary cross^ecdonal illustrations of an 
embodiment of the placement of an apparatus for radially expanding a tubular member 
within a borehole witNn a sublanranean fonnation. 

Fig. 6e is a cross-sectional view of an embodiment of the expansion cone 
support body of the apparatus of Rgs. 6 and 6a-6d. 

Fig. 6f is a cross-sectional view of the expansion cone support body of Fg. 6e. 
Fig. 6g Is a side view of an embodiment of an expansion cone segment for use 
in the apparatus of Figs. 6 and 6a-6d. 

Fig. 6h is a front view of the expansion cone segment of Fig. 6g. 
Fig. 61 is a top view of the expansion cone segment of Fig. 6g. 
Fig. 6J is a top view of an embodiment of interlocking expansion cone segments 
for use In the apparatus of Figs. 6 and 6a-6d. 

Fig. 6i< is a top fragmentary drcumferentiai view of an embodiment of the 
coupling arrangement between the expansion cone segments and the split ring collar 
for use in the apparatus of Figs. 6 and 6a-6d. 

Figs. 7 and 7a-7c are fragmentary cross-sectional niustratlons of an 
embodiment of the placement of the apparatus of Figs. 6 and 6a^ including an 
expandable tubular nnember within a borehole within a subterranean formation. 

Figs. 8 and 8a-8d are fragmentary cross-secttonal IDusfratfons of an 
embodiment of the operation of the apparatus of Figs. 7 and 7a-7d during the radial 
expansion of the expandable tubular member wMhin a borehole within a subterranean 
fonnation. 

Fig. 9 is a fragmentary cross sectional illustration of an embodiment of an 
expansion cone assembly in an unexpended position. 

Fig. 9a is a cross sectional Hlustration of the expansion cone assembly of Fig. 9. 

Fig. 10 is a fragmentary cross sectional lllusfratton of the expansion cone 
assembly of Fig. 9 in an expanded position. 


Rg. 10a is a cross sectional illustration of tlie expansion cone assend)ly of Fig. 

10. 

Fig. 1 1 a fragmentaiy cross sectional Illustration of an embodiment of an 
expansion cone assembly in an unexpended position. 
5 Fig. 1 la Is a cross sectional Illustration of the expansion cone assembly of Fig. 

11. 

Fig. 12 is a fragmentary cross sectional Illustration of the expansion cone 
assembly of Fig. 1 1 in an expanded positkm. 

Fig. 12a Is a cross sectional illustration of the expansion cone assembly of Fig. 

10 12. 

Fig. 13 Is a finagmentary cross sectional iilustralion of an embodiment of an 
expansion cone assembly In an unexpended position. 

Fig. 13a is a cross sectional Illustration of the expansion cone assembly of Fig. 

ia 

15 Rg. 13b is a fragmentary top circumferential illustration of the expansion cone 

segment assembly <rf Fig. 1 3 that illi»trates the interleaved sets of collets. 

Fig. 1 3c is a fragmentary cross sectional illustration of the interleaved collets of 
Fig. 13b. 

Rg. 14 is a fragmentary cross sectional Illustration of the expansion cone 
20 assembly of Fig. 13 in an expanded position. 

Rg. 14a is a cross sectional illustration of the expansion cone essembly of Rg. 

14. 

Rgs. 15 and 15a-15c are fragmentaiy crass-sectional illustrations of an 
embodiment of the placement <rf an apparatus Ibr radially expanding a tubular member 
25 within a borehole within a subterranean formaflon. 

Fig. 1 5d Is a cross-sedionai view of an embodiment of the expansion cone 
support body of the apparatus of Figs. 1 5 and 15a-15c. 

Fig. 15e is a cross-secUonai view of the expansion cone support body of Rg. 

15d. 

30 Rg. 1 5f is a side view of an embodiment of an eiqaanslon cone segment for use 

In the apparatie of Figs. 15 and 15a-15c. 

Fig. 15g is a front view of the expansion cone segment of Fig. 15f. 

Rg. 15h is a top view of the expansion cone segment of Fig. 15f. 

Rg. 151 is a top view of an embodiment of interlocking expansion cone 
35 segmentsforuseintheapparatusofRgs. 15and1Sa-15& 


Fig. 1 5j is a top fragmentary drcumfereiTtial view of an embodiment of the 
coupling arrangement between the expansion cone segments and the split ring collar 
for use In the apparatus of Figs. 15 and ISa-ISc. 

Figs. 16 and 16a-16c are fragmentary cros»4ectlonal Hlustrations of an 
embodiment of the placementof the apparatus of Rgs. 15 and 15a-15j including an 
expandable tubular member within a borehole within a subterranean fbmiation. 

Figs. 17 and 17a-17c are firagmentary cross-eecUonal illustrations of an 
embodiment of the operation of the apparatus of Figs. 16 and 16a.16c during the radial 
expansion of the expandable tubular member within a borehole within a subterranean 
formation. 

Fig. 18a is a cross sectional illustration of an embodiment of a segmented 
expansion cone assembly in an unexpended position. 

Rg. 18b is a fragmentary drcumfsrential top iilustration of the expansion cone 

and split ring collar of Fig. 18a. 

Fig. 1 8c is a fragmentary cross-sectional illustration of the expansion cone 
support flange of the expansion cone assembly of Rg. 18a. 

Fig. 18d is a cross-sectional iilustration of the expansion cone support flange of 
Hg. 18c. 

Fig. 19a is a cross sectional Illustration of an embodlnrwnt of the segmented 
expansion cone assembly of Fig. 18a In an expanded position. 

Fig. 19b is a f^mentary circumferential top view of the expansion cone of Fig 

iga. 

Figs. 20a.20m are top dncumfersntiai views of various alternative embodiments 
of interiockbig ej^nnsion cone segnrtent geometries. 

Detailed Description of the illustrative Embodiments 
Referring initially to Figs. 1 and la-Id, an embodiment of an apparatus and 
method for radially expanding a tubular member wHI now be described. As illustrated in 
Figs. 1 and la-ld. a wellbore 100 is positioned in a subterranean fbrmation 105. In an 
exemplary embodiment, the wellbore 100 may include a pre-existing cased section 
1 10. The wellbora 100 may be positioned in any orientation firom vertical to horizontal. 

In order to extend the wellbore 100 into the subterranean fbrmation 105. a drill 
string is used in a well known manner to driU out material from the subtenanean 
fomiatlon 105 to form a new wellbore section 1 15. In a preferred embodinent. the 
Inside diameter of the new wellbore sectton 1 1 5 Is greater than or equal to the Inside 
dimieter of the preexisting wellbore casing 110. 


% 

A tubular member 120 defining a passage 120a may then be positioned within 
the wellbore section 1 15 with the upper end 120b of the tubular member coupled to the 
weliboie casing 110 and the lower end 120c of the tubular member extending into the 
wellbore secQon. The tubular member 120 may be positioned within the wellbore 
5 section 115 and coupled to the wellbore casing 1 1 0 in a conventional manner, in a 
preferred embodiment, the tubular member 120 is positioned within the wellbore 
section 115 and coupled to the wellbore casing 110 using one or more of the methods 
and apparatus disclosed In one or nrare of the fbilowir^: (1 ) U.S. patent application 
serial no. 09/454,139, attomey dodcet no. 25791.03.02, filed on 12/3/1999, (2) U.S. 

10 patent application serial no. 09/51 0.91 3. attomey dodcet no. 25791 .7.02, filed on 
2/23/2000, (3) U.S. patent application serial no. 09/502,350, attomey dodwt no. 
25791.8.02, filed on 2/10/2000, (4) U.S. patent application serial no. 09/440,338. 
attomey dodcet no. 25791.9.02, filed on 11/15/1999, (S) U.S. patent application serial 
no. 09/523.460, attomey dodcet no. 25791.1 1.02, filed on 3/10/2000, (6) U.S. patent 

15 application serial no. 09/512.695. attomey dodcet no. 25791.1Z02, filed on 2/24/2000, 
(7) U.S. patent application serial no. 09/511.941, attomey dodcet no. 25791.16.02, filed 
on 2/24/2000, (8) U.S. patent application serial no. 09/588,946. attomey dodcet no. 
25791 .17.02. filed on 6/7/2000, (9) U.S. patent application serial no. 09/559.122, 
attomey dodcet no. 25791.23.02. filed on 4^/2000, (10) PCT patent application serial 

20 no. PCT/USOO/18635. attomey docket no. 25791 .25.02. filed on 7/9/2000, (1 1 ) U.S. 
provisional patent application serial no. 60/162,671. attomey dodcet no. 25791.27, filed 
on 1 1/1/1999, (12) U.S. provisional patent appHcation serial na 60/154,047. attomey 
dodcet no. 25791.29. filed on 9/16/1999. (13) U.S. provisional patent application serial 
no. 60/159.082. attomey docket na 25791.34. filed on 10/12/1999. (14) U.S. 

25 provisional patent application serial no. 60/159,039. attorney docket no. 25791.36. filed 
on 10/12/1999. (15) U.S. provisional patent application serial no. 60/159,033, attomey 
docket no. 25791.37, filed on 10/12/1999. (16) U.S. proviskxiai patent applieatton serial 
no. 60/212.359. attomey docket no. 25791.38. filed on 6/19/2000. (17) U.S. pfDvisk)nai 
patent application serial no. 60/165,228. attomey docket no. 25791.39. filed on 

30 1 1/12/1999. (18) U.S. provisional patent appiicatian serial no. 60/221.443. attomey 
docket no. 25791.45. filed on 7/28/2000, (10) U.S. provisional patent application serial 
no. 60/221,645, attomey docket no. 25791.46, filed on 7/28/2000, (20) U.S. provisional 
patent application serial no. 60/233,638, attomey dodcet no. 25791.47, filed on 
9/18/2000, (21) U.S. provisional patent appllcatkm serial na 60/237,334. attomey 

35 dock^ no. 25791 .48. filed on 1 0/2/2000, (22) U.S. provisional patent application serial 
no. 60/270.007. attomey docket no. 25791.50. filed on 2/20/2001: and r23^ U.S. 
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IS 


20 


25 


30 


35 


provisional patent application serial no. 60/262.434. attorney docket no. 25791.51, filed 
on 1/17/2001: and (24) U.S. provisional patent application serial no. 60(259,486, 
attorney docket no. 25791 .52. filed on 1/3^001 . the disctosures of which are 
incoiporeted herein referenca 

As illustrated in Rgs. 1 and la-Id. an apparatus 200 for radially expanding a 
tubular memt»r may then be poslttoned in the new sedton 115 of the weUbore 100 
within the tubular member 120. The apparatus 200 indudee a tubular support member 
205 defining an internal passage 205a that is coupled to an end of a tubular coupling 
210 defining an internal passage 210a. The other end of the tubular coupling 210 is 
coupled to an end of a tubular support member 215 defining an internal passage 21 Sa 
that Includes a first lug 215b, a radial passage 215c a first flange 215d. a second 
flange 21 5e, a second lug 215f. and an expansion cone support body 21 5g. Tlie other 
end of the tubular support member 215 Is coupled to a tubular end stop 220 that 
defines a passage 220a. 

As illustrated in Figs. 1e and If. the expansion cone support body 215g 
Includes a firet end 215ga. a tapered hexagonal portion 215gb that includes a plurality 
of T-shaped stots 21 5gba provided on each of the external taceted surfaces of the 
tapered hexagonal portion, and a second end 215gc. in an exemplary embodiment, 
the angle of attack of the tapered hexagonal portion ranges from about 35 to 50 
degrees for reasons to be described. 

As Illustrated In Figs. 1. la-ld. 1g. 1h. and II. a plurality of expansion cone 
segments 225 are provided that include first ends 225a that include Tnihaped retaining 
membere 225aa and second ends 225b that include T-shaped retaining membere 
225ba that mate with and are received within corresponding T-«haped slots 21Sgba on 
the tapered hexagonal portfon 215gb of the expanstan cone support body 215g. flret 
external surfoces 225bb. second external surfooes 225bc, and third extomai surfaces 
225bd. Thus, in an exemplary embodiment, a total of sb( expanskm oone segments 
225 are provided that are slidably coupled to corresponding sides of the tapered 
hexagonal portion 215gb of the expansion cone support body. 

in an exemplary embodiment, the widths of the firet external surfaces 225bb of 
the expansion cone segments 225 increase in the direcUon of the second external 
surfaces 225bc the widths of the second external surfaces are substantially constant 
and the wklths of the third external surfaces 225bd decrease in the diredton of the first 
ends 225a of the expanston oone segments for reasons to be described. In an 
exemplary embodiment, the first external surfooes 226bb of the expansion cone 
segments 225 taper upwardly In the directton of the s econd extamai ....rf^ ooi^k. 


10 


the second external surfaces taper upwardly In the direction of the third external 
surfaces 225txi, and the third external surfaces 225t)d taper downwardly in the 
direction of the first ends 225a of the expansion oone segments for reasons to be 
described, in an emmplary embodiment, the angle of attack of the taper of the first 
5 external surfaces 225bb of the expansion oone segments 225 are greater than the 
angle of attack of the taper of the second external surfaces 225ba In an exemplary 
ismbodlment, the first and second external surfeices, 225bb and 225bCi of the 
expansion cone segments 225 are arcuate such that when the expansion cone 
segments 225 are displaced in the diredten of the end slop 220. the first and second 

10 extendi surfaces of the expanskxi oone segmente provide a substantially continuous 
outer drcumferential surface for reasons to be described. 

As illustrated In F^. 1J, In an exemplary embodiment the extemal surfaces. 
225bb. 225bc and 225bd. of the second ends 22Sb of the expansion cone segments 
225 are adapted to mate with one another In order to interlock adjacent expanston 

15 cone segments. 

As illustrated in Figs. 1. 1a-1d. and Ik, a split ring collar 230 that defines a 
passage 230a for receiving the tubular support member 215 is provided that Includes a 
first end that includes plurality of T-shaped slots 230b for receiving and mating with 
corresponding T-shaped reteining members 225aa of the expansion cone segments 

20 225 and a seoond end that includes an L-shaped retaining member 230c. In an 
exemplary embodiment, the split ring collar 230 Is a conventtonal split ring collar 
Gommerdalty available from l^aliiburton Energy Services modified In accordance with 
the teachings of the present disctosure. 

As iihjstrated In Figs. 1 , 1a-1d. and 1m, a drag bbck assembly 235 that defines 

25 a passage 235a for receiving the tubular support member 215 is provkied that includes 
a first end that includes an L-shaped slot 235b for receiving and mating with the L- 
shaped reteining member 230c of the split ring collar 230, one or more conventional 
drag block elemente 235c, and a J-shaped slot 235d including a reteining slot 235da 
for receiving the second lug 21 5f of the tubular support member 21 5. in an exemplary 

30 embodiment, the tongitudinal axis of the J-shaped slot 235d of the drag block assembly 
235 is substantially parellel to the longitudinal axis of the tubular support member 215 
for reasons to be described. 

A first conventtonal packer cup assembly 240 that defines a passage 240a for 
* receiving the tubular support member 215 includes a first end 240b that mates with the 

35 second flange 21 5e of the tubular support member, a oonventtonal sealing cup 240c. 
and a second end 240d. A tubular spacer 245 that drtines a passage 245a for 


II 
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receiving the tubular support member 215 Includes a first end 245b that mates with the 
second end 240c of the first packer cup assembly 240 and a second end 245c A 
second conventional packer cup assembly 250 that defines a passage 250a for 
receiving the tubular support member 215 includes a first end 250b that mates with the 
second end 245c of the spacer 245, a conventtonal sealing cup 250c and a second 
end 250d that mates with the first flange 21 Sd of the tubular support member. 

As lilustrated In Rgs. 1. la-Id. and 11, a drag block assembly 255 that defines a 
passage 255a for receiving the tubular support member 215 Is provMed that inchides a 
first end that includes seafing members. 255b and 255c. one or more conventkinal drag 
block elements 255d. and a J«haped slot 255e Including a retaining sk)t 255ea for 
receiving the first lug 21 Sb of the tubular support member 215. In an exemplary 
embodiment, the longitudinal axis of the J-shaped slot 255e of the drag block assembly 
255 Is substantially parallel to the tongitudlnai axis of the tubular support member 215 
for reasons to be described. 
15 in an exemplary embodiment, during operation of the apparatus 200, as 

iflustratedin Figs. 1 arid 1a-1m,theapparatu8maybeposlfioned inthewelibore115. 
within the tubular member 120, with the first and second lugs. 215b and 215f. 
respectively, positioned within the retaining slots. 255ea and 235da, respectively, of the 
J-stets, 255e and 235da. respectively, of the drag block assembly 255 and 235. 
20 respectively. In this manner, the drag block assembly 235 Is maintained in a 

substantially stationary posHton relative to the tubular support member 215 thereby 
preventing the expansion cone segments 225 from being displaced downwardly in the 
tongitudinal direction relative to the tubular support member 215 towards the end stop 
220. Furthemnore. In this manner, the drag block assembly 255 is also maintained in a 
substantially stattonary position relative to the tubular support member 215 thereby 
preventing the drag btoek assembly from sealing off the radial passage 215c. In an 
exemplary embodiment, during the placement of the apparatus 200 within the weUbore 
115 and the tubular member 120. the radial passage 215c pemtits fluldle materials 
outside of the tubular support member 216 to pass Into the passage 215a thereby 
minimizing overpressure conditions within the annulus outskle of the tubular support 
member. 

In an exemplary embodiment, the apparatus 200 is positioned within the 
expandable tubular member 120 such that the expansion cone body 215g, the end 
stop 220, and the expansion cone segments 225 extend out of the expandable tubular 
member. In this manner, the expanston cone segments 225 may be driven up the 
tapered hexagonal portkm 215gb of the exoansion ftftno koHw ttn^ 4k^>^k.. t,. 
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the outside diameters of the expansion cone segments, without impacting the 
expandable tubular member 120. 

The tubular support member 215 may then be rotated relative to the drag block 
assemblies, 235 and 255. thereby displacing the lugs, 21Sf and 215b, with respect to 

5 the J-shaped slots, 235d and 255e, respectively. The tubular support member 21 5 
may then be displaced upwardly relative to the drag block assemblies, 235 and 255, in 
the longttudinal direction thereby displacing the drag bkick assemblies downwardly 
relative to the tubular support member. During the longitudinal upward displacement of 
the tubular support member 215 relative to the drag btock assemblies, 235 and 255, 

10 the drag block assemblies, 235 and 255. are maintained In a substantially stationary 
position with respect to the expandable tubular member 120 by the Actional forces 
exerted by the drag blocks. 23Sc and 255d, of the drag block assemblies on the 
expandable tubular member, and during the upward tongitudinal displacement of the 
tubular support member 215 relative to the drag blodc assemblies, the lugs, 21 5f and 

15 21 5b, are guided In a substantially longitudinal directton by the J-slots. 235d and 255e, 
respectively, of the drag block assemblies. 

The downwanJ longKudinai displacement of the drag block assembly 235 
relative to the tubular support member 215 displaces the split ring collar 230 
downwardly along with the expansion cone segments 225. As a result, the expansion 

20 cone segments 225 are driven up the tapered hexagonal portion 21Sgb of the 

expansbn cone support body 215g until the end liaces of the expansion cone segments 
Impact the stop member 220. As a result, the outside diameter of the expansbn cone 
segments 225 Increases. In an exemplary embodiment, once the wpanston cone 
segments 225 impact the stop member 220. the outer surfaces. 225bb and 225bc of 

25 the expansbn cone segments provide a substantially continuous outer surface In the 
circumferential directbn having a diameter that is greater than the insbe diameter of 
the expandabb tubular member 1 20. The downward bngitudinal dbplaoement of the 
drag bbck assembly 255 relative to the tubular support member 21 5 seals off the radial 
passage 215c thereby preventing the pressurized fluidlc material 275 from entering the 

30 annulus surrounding the tubular support member 21 5 through the radial passage. 

In an exemplary embodiment, as illustrated in Figs. 2 and 2a-2f, the expandable 
tubular member 120 may then be radially expanded using the apparatus 200 by 
injecting a fluidic material 275 into the apparatus through the passages 205a, 21 Oa, 
and 215a. The injectbn of the fluidic material 275 may pressurize the interior 120a of 

35 the expandable tubular member 120. In additbn, because the packer cup assemblies, 
240 and 250. seal off an annular region 120aa beto w the packer cup assemblies 
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between the expandable tubular member 120 and the tubular support member 215. the 
Injection of the fluidic material 275 may also pressurize the annular region. 

The continued Injection of the fluidic material 275 may then pressurize the 
Interior 120a of the expandable tubular member 120 thereby plastically defbmiing and 
radially expanding the expandable tubular member off of the expansion oorm segments 

225. BecausetheoutBr8urfaoe8.225bband225bc.oftheexpanslonconesegment8 
225 are tapered, the plastic defbmration and radial expansion of the expandable 
tubular member 120 proximate the expansion cone segments is fadlilated. 
Furthennore, in an exemplary embodiment, the continued injection of the fluidic 
material 275 also pressurizes the annular region 120aa defined between the interior 
surface of the expandable tubular member 120 and the exterior surface of the tubular 
support member 21 5 that Is bounded on the upper end by the packer cup assembly 
240 and on the lower end by the expansion cone segments 225. Furthermore, in an 
exemplary embodiment the pressurization of the annular region 120aa also radially 
15 expands the sunounding portion of the expandable tubular member 120. In this 
nnanner. the plastic deformation and radial expansion of the expandable tubular 
member 120 is enhanced. Furthennore. during operation of the apparatus 200. the 
packer cup assemblies 240 and 250 prevent the pressurized fluidic material 275 from 
passing above and beyond the packer cup assemblies and thereby define the length of 
the pressurized annular region 120aa in an exemplary embodiment, the 
pressurizatton of the annular regkm 120aa decreases the operating pressures required 
for piastle deformation and radial expanskm of the expandable tubular member 120 by 
as much as 50% and also reduces the angle of attack of the tapered external aurftees. 
225bb and 226b<^ of the expansion cone segments 225. 

The radial expanston of the expandable tubular member 120 may then continue 
until the upper end 1 20b of the expandable tubular member is radially expanded and 
plastically defomjed along with the overlapping portton of the wellbore casing 110. 
Because the expansion cone segments 225 may be adjustable positkMWd Horn an 
outside diameter less than the inside diameter of the expandable tubular member 120 
to an outside diameter substantially equal to the inside diameter of the pre^sting 
casing 110. the resulting wellbore casing, including the casing 110 and the radiaiiy 
expanded tubular member 120. created by the operatton of the apparatus 200 may 
have a single substantially constant Inskle diameter thereby prevWIng a montxliameter 
■wellbore casing. 

If the expanskm cone segments 225 become lodged within the tubular member 
120 during the radial expansion process, the tubular support mamhAr 911; 
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displaced downwardly In the longttudlnal direction and then rotated relative to the drag 
block assemblies. 235 and 255, thereby positioning the lugs, 215b and 215f, within the 
retaining slots. 255ea and 235da. respectively, of the J-slots, 255e and 235d, 
respectively. As a result, the expansion cone segments 225 may be displaced down 
5 the tapered hexagonal portion 21 5gb of the expansion cone support body 21 5g and 
away from the end stop 220 thereby decreasing the extemal diameter of the expansion 
cone segments. In this manner, the tubular support member 205. the tubular support 
member 210, the tubular support member 215, the end stop 220, the expansion cone 
segments 225, the spBt ring collar 230. the drag block assembly 235. the pack cup 

1 0 assembly 240, the spacer 245, the packer cup assembly 250. and the drag bkick 
assembly 255 may then be removed from the tubular meniber 120. 

During the radial expansion process, the expanston cone segments 225 may be 
raised out of the expanded portk>n of the tubular member 120 by applying an upward 
axial force to the tubular support member 21 5. In a preferred embodiment, during the 

15 radial expansion process, the expansion cone segments 225 are raised at 

approximately the same rate as the tubular member 120 is expanded in order to keep 
the tubular member stattonary retetive to the new wellbore section 115. In an 
altemative preferred embodiment, the expansion cone segments 225 are maintained in 
a stattonary position during the radial expansion process thereby allowing the tubular 

20 member 120 to be radially expanded and plastically deformed off of the expansion 
cone segments 225 and into the new wellbore section 1 1 5 under the force of gravity 
and the operating pressure of the interior of the tubular member 120. 

In a preferred embodiment, when the upper end portk>n of the expandable 
tubular member 120 and the lower portton of the wellbore casing 1 10 that overlap with 

25 one another are plastically deformed and radially expanded by the expanston cone 
segments 225. the expansion cone segments 225 are displaced out of the wellbore 
100 by both the operating pressure within the interior of the tubular member 120 and a 
upwardly directed axial force applied to the tubular support member 205. 

In a prefenBd embodiment, the operating pressure and flow rate of the fluldlc 

30 material 275 is controliably ramped down when the expanston cone segments 225 
reach the upper end portion of the expandable tubular member 120. In this manner, 
the sudden release of prsssuro caused by the complete radial expansk>n and plastic 
deformation of the expandable tubular member 1 20 off of the expansion cone 
segments 225 can be minimized. In a prefemed embodiment, the operating pressure is 

35 reduced in a substantially linear foshton firom 1 00% to about 10% during the end of the 


extrusion process beginning when the expansion cone segments 225 are within about 
5 feet (1.524 m) from completion of the extrusion process. 

Alternatively, or in combination, the wall thickness of the upper end portion of 
the expandable tubular member 120 is tapered in order to gradually reduce the 
required operating pressure fior plastically defbnning and radially expanding the upper 
end portion of the tubular member. In this manner, shock loading of the apparatus is at 
least reduced. 

Alternatively, or In combinatton, a shock absorber is provided In the tubular 
support member 205 in order to absorb the shock caused by the sudden release of 
pressure. The shock absorber may comprise, for example, any conventtonal 
commercially available shock absorber, bumper sub, or Jars adapted Ibr use in wellbore 
operations. 

Aitematively. or in combination, an expansion cone catching stmcture Is 
provided in the upper end portion of the expandable hjbular member 120 in order to 
catch or at least decelerate the expanskwi cone segments 225. 

Aitematively, or in combinatton, during the radial expanskin process, an upward 
axial force Is applied to the tubular support member 215 suffteient to plastically deform 
and radially expand the tubular member 120 off of the external surfaces. 225bb and 
22Sbc. of the expanston cone segments 225. 

Alternatively, or in combination. In order to fjadlltate the pressurization of the 
Inlerfcx- 120a of the expandable tubular member by the injectton of the fluMk: materials 
275. the region within the wellbore section 115 bekMv the apparatus 200 may be 
fluMkdy sealed off In a conventton manner using, ibr example, a packer. 

Once the radial expanston process is completed, the tubular support member 
205. the tubular support member 21 0, the tubular support member 21 5. the end stop 
220. the expansion cone segments 225. the split ring collar 230, the drag btodk 
assembly 235, the pack cup assembly 240. the spacer 245. the packer cup assembly 
250, and the drag btock assembly 255 are removed from the weObore 100. 

In an alternative embodiment, as lllustreted in Figs. 2h and 21. the J-slots, 235d 
and 255e, include one or more Intemnedlate retaining slots, 235db and 255eb. 
respectively, that pennit the relative longitudinal displacement of the tubular support 
member 215 relative to the drag block assemblies, 235 and 255, to be set at one or 
more intemradlate stop positions. In this manner, the expansk>n segments 225 may be 
posittoned at one or more Intemftedlate positions on the tapered hexagonal portton 
215gb of the expanston cone support body 215g thereby pemtitling the external 
diameter of the expanston cone segments 225 to be adiusted to ana or mn«. 


intermediate sizes. In this manner, the radial expansion and plastic defbmfiation of the 
expandable tubular member 120 be provided in dtflarent operation stages, each having 
a different expansion diameter. Furthemnone, if the expansion oone segments 225 
become lodged within the expandable tubular member 120. then the position of the 
5 expansion oone segments may be adjusted to provide a smaller outside diametw and 
the radial expansion process may be continued by Injecting the fluidic nnatarial 275 
and/or applying an upward axial force to the tubular support member 215. 

Referring to Figs. 3 and 3a-3J, an altemative embodiment of an apparatus 300 
for fonmng a wellbors casing in a subterranean formation will now be described. TTie 

1 0 apparatus 300 Includes a tubular support member 305 defining an internal passage 
305a that Is coupled to an end of a tubular coupling 310 defining an internal passage 
310a. The other end of the tubular coupling 31 0 is coupled to an end of a tubular 
support member 315 defining an intemal passage 315a that includes a first flange 315b 
having opposftely tapered end-walte. 315ba and 315bb. a second flange 315c a radial 

15 passage 315d. a third flange 315e, a fourth flange 315f, a fifth flange 315g ha>^ng 
oppositely tapered end-walls. 315ga and 315gb« a fifth flange 315h. and an expansion 
cone support body 3151. The other end of the tubular support member 315 is coupled 
to a tubular end stop 320 that defines a passage 320a. 

As illustrated in Figs. 3d and 3e, the expansion oone support body 3151 Includes 

20 a first end 315ia, a tapered hexagonal portion 3151b that Includes a plurality of T- 
shaped slots 315iba provided on each of the extemal faceted surfaces of the tapered 
hexagonal portion, and a second end 315ia In an exemplary embodiment, the angle of 
attack of the tapered hexagonal portion 315ib ranges firom about 35 to 50 degrees for 
reasons to be described. 

25 As illustrated in Figs. 3, 3a-3c, and 3f-3h, a plurality of expansion cone 

segments 325 are provided that include first ends 325a that include T-shaped retaining 
members 325aa and second ends 325b that Include T-shaped retaining members 
325ba that mate vMt and are received within oonresponding T-shaped slots 315iba on 
the tapered hexagonal portion 31 Sib of the expansion cone support body 3151, first 

30 extemal surfaces 325bb. second extemal sur^ces 325bc and third extemal surfaces 
325bd. Thus, in an exemplary embodiment, a total of six expansion cone segments 
325 are provided that are slidably coupled to oonresponding sides of the tapered 
hexagonal portion 315ib of the expansion cone support body 315i. 

in an exemplary embodiment, the widths of the first extemal surfaces 325bb of 

35 the expansion cone segments 325 increase In the direction of the second extemal 
surfaces 325bc the widths of the second extemal su rfaces are substantialh^ constant 
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and the widths of the thiid external surfaces 325bd decrease in the direction of the fhst 

ends32SaoftheexpanslonoonesegmentsfbrrBason8tobede8cribed. In an 
exemplary embodiment, the first external surfaces 325bb of the expansion cone 
segments 325 taper upwardly in the direction of the second external surfaces 325bc 
the second external surl^oes taper upwardly in the direction of the third external 
surfaces 325bd. and the third external surfaces 325bd taper downwardly in the 
direction of the first ends 325a of the expansion oone segments fbr reasons to be 
described. In an exemplary embodiment, the angle of attack of the taper of the finrt 
external surfaces 325bb of the expansion cone segments 325 are greater than the 
angle of attack of the taper of the second external surfeces 325bc. In an exemplary 
embodinrwnt, the first and second external surfaces. 325bb and 325bc of the 
expansion cone segments 325 are arcuate such that when the expansion oone 
segments 325 are displaced in the directton of the end stop 320. the first and second 
extemal surfaces of the expansk)n cone segments provide a substantially continuous 
15 outer drcumferenliai surface for reasons to be described. 

As illustrated in Fig. 31. in an exemplary embodiment, the external surfaces 
325bb. 325bc and 325bd. of the second ends 325b of the expansion cone segments 
325 are adapted to mate with one another in order to interiock a(yacent expansion 
cone segments. 

A split ring collar 330 that defines a passage 330a for receiving the tubular 
support member 315 is provMed that includes a first end that includes plurality of T- 
shaped slots 330b fbr receiving and mating with conesponding T^ped rBtaining 
members 325aa of the expanston cone segments 325 and a second end that Includes 
an L-shaped retaining member 330c. In an exemplary embodiment, the split ring collar 
330 is a conventional split ring collar oommerdaiiy available from Halliburton Energy 
Servfces modified in accordance with the teachlngB of the present disclosure. 

A cdiet assembly 335 is provUed that includes a support ring 335a that defines 
a passage 335aa for receiving the tubular support member 31 5 and is coupled to an 
end of a resiUent collet 335b having upper and lower sels of oppositely tapered 
Shoulders. 335ba and 335bb. and. 336bc and 335bd. respectively, that is poslttoned 
proximate the fourth flange 315g of the tubular support member 31 5. The other end of 
the odlet 335b is coupled to an end of a tubular sleeve 335c that defines a passage 
335ca. The other end of the tubular sleeve 335c is coupled to an end of a pin 335d 
The other end of the pin 335d is coupled to a ring 335e that defines a passage 335ea 
fbrrecelvlngthefinhflange315hofthetubularsupportmember315. Anendofa 
tubular coupling sleeve 335f that defines a passage 3 35fafbrrecelvfnoth.tuh»..r 
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support member 315 ie received within the opening 33Sca of the tubuiar eleeve 335c 
that includes a recess 335fb fbr receiving the fifth flange 315h of the tubular support 
member 315 and the ring 335e, and a radiai passage 335fcfor receiving the pin 335d. 
Another end of the tubuiar coupling sleeve 335f includes a passage 335fd for receiving 
5 the tubular support member 315 and a slot 335fe for receiving the L-shaped retaining 
member 330c of the split ring collar 330. A ring 335g that defines a passage 335ga fbr 
receiving the tubular support member 315. a spring 335h, and a ring 33Si that defines a 
passage 335fa fbr receiving the tubular support member 315 are also received within 
the recess 335fb. The ring 335g is positioned proximate one end of the recess 335fb, 
10 the ring 3351 is positioned proximate the fifth fiange 31 5h of the tubular support 
member 315 within the other end of the recess, and the spring 335h to positioned 
between the rings. 

A first conventional padter cup assembly 340 that defines a passage 340a for 
receiving the tubular support member 315 Includes a first end 340b that mates with the 

15 fourth flange 31 5f of the tubuiar support member, a conventional sealing cup 340c and 
a second end 340d. A tubular spacer 345 that defines a passage 345a for receiving 
the tubular support member 31 5 includes a first end 345b that mates with the second 
end 340d of the first padcer cup assembly 340 and a second end 345e. A second 
conventional packer cup assembly 350 that defines a passage 350a for receiving the 

20 tubular support member 315 includes a first end 350b that mates wNh the second end 
345c of the spacer 345. a conventional sealing cup 350c and a second end 350d that 
mates with Ihe third flange 31 5e of the tubular support member. 

A collet assembly 355 Is provided that includes a support ring 355a that defines a 
passage 355aa for receiving the tubuiar support member 315 and Is coupled to an end 

25 of a resilient collet 355b having upper and lower sets of <vpositely tapered ehouldere, 
3S5ba and 35Sbb. and. 355bc and 355bd, respectively, that Is positioned proximata the 
first flange 31 5b of the tubular support member 31 5. Tlie other end of the collet 355b 
is coupled to an end of a tubuiar sleeve 355c that defines a passage 355ca. The other 
end of the tubuiar sleeve 355c is coupled to an end of a pin 355d. The other end of the 

30 pin 355d is coupled to a ring 355e that defines a passage 355ea for receiving the 
second flange 315c of the tubuiar support member 315. An end of a tubular sleeve 
355f that deflnes a passage 355fa for receiving the tubuiar support member 315 is 
received within flte opening 355ca of the tubular sleeve 355c that includes a recess 
355fl) for receiving the second flange 315c of the tubular support member 315 and the 

35 ring 355e. and a radiai passage 355fc for receiving the pin 355d. Another end of the 
tubuiar sleeve 355f includes a passage 3551d fbr leceh/ing the tubular support member 
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31 5. a recess 35Sfe for receiving an end of the tubuiar sleeve 355c and seaDng 
members 355ff. A ring 356g that defines a passage 355ga for receiving the tubuiar 
support member 315 and a spring 355h are also received witNn the recess 35Sfb An 
end of the ring 355g is positioned proximate the second flange 315c of the tubuiar 
support member 315 within an end of the recess 355fe and the other end of the ring Is 
positioned an end of the spring 355h. The other end of the spring 355h is positioned 
proximate the other end of the recess 355fb. 

in an exemplary embodiment, during operation of the apparatus 300 as 
niustmted in Figs. 3 and 3a-3j. the apparatus may be initially positioned in the v«libore 
100. within the casing 1 10. with the coiiet assemblies 335 and 355 positioned In a 
neutral position in which the radial passage 31 5d of the tubular support member 31 5 is 
not covered by the tubular sleeve 355f and the expansion cone segments 325 are not 
dnven up the tapered hexagonal portion 31 Sib of the expansion cone support body 
3151 of the tubular support member 315 into contact with the stop member 320. In this 
manner, fluidic materials within the interior 315a of the tubuiar support member 315 
may pass through the radial passage 315d into the annulus between the apparatus 300 
and the casing 1 1 0 thereby preventing over pressurization of the annulus. 
Furthemiore. in this manner, the outside diameter of the expansion cone segments 325 
is less than or equal to the outside diameter of the stop member 320 thereby pemiitting 
20 the apparatus 300 to be displaced within the casing 110. 

As iUustrated in Figs. 4. and 4a-4d. the apparatus 300 may then be positioned 
in the tubular member 120. During the insertion of the apparatus Into the tubular 
member 120. the upper end 120b of the tubuiar member may impact the tapered 
shoulders. 335bb and 355bb. of the collets. 335b and 355b. respectively, thereby 
driving the collets backward until the tapered shouldere, 335bd and 355bd of the 
collets are positioned proximate the tapered shoulders. 315ga and 315ba, 'respectively 
of the tubular support member. As a result, the support rings. 335a and 355a. the 
collets. 335b and 355b. the tubular sleeves, 335c and 355c. the pins. 335d and 35Sd 
the rings. 335e and 355e. and the rings. 335g and 355fl. of the collet assemblies. 335 
and 356. respectively, are drh«n backward, compressing the springs, 335h and 355h 
thereby applying axial biasing foroes to the tubular coupling sleeve 335f and the tubuiar 
Sleeve 355f. respectively. In this manner, an axial biasing foroe Is applied to the split 
nng collar 330 and the expanston cone segments 325 that prevents the expansion 
cone segments from being driven up the tapered hexagonal portion 31 5ib of the 
expansion cone support body 3151 of the tubular support member 315 into contact with 
the8topmember320. Thus, the outsMe diameter of the expanston cone senm^nt. 
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325 is maintained In a posiUon that is less than the Inside diameter of the tubular 
member 120 thereby pemnitUng the apparatus 300 to be displaced within the tubular 
member. Furthemiore. in this manner, an axial biasing force is applied to the tubular 
sleeve 355f thereby preventing the tubular sleeve from covering the radial passage 
31 5d in the tubular support member 315. Thus, fluidic materials within the interior 315a 
of the tubular support member 315 may pass through the radial passage 315d Into the 
annulus between the apparatus 300 and the tubular member 120 thereby preventing 
over prassurizatlon of the annulus. 

The apparatus 300 may then be at least partially positioned In the open hole 
section 115a of the wellbore section 115, beyond the lower end 120c of the tubular 
member 1 20. In an exemplary embodiment, that portion of the apparatus 300 that 
includes the stop member 320» the expansion cone segments 325, the spilt ring collar 
330, the collet assembly 335, the packer cup assembly 340, the spacer 345, the pad^er 
cup assembly 350, and the collet assembly 355 te then positioned in the open hole 
section 1 1 5a of the wellbore section 1 1 5, beyond the lower end 1 20 of the tubular 
member for reasons to be described. Because the collets, 335b and 355b, are 
resilient, once the apparatus 300 has been positioned in the open hole section 1 15a of 
the wellbore section 115, beyond the lower end 120c ofthe tubular member 120, the 
tapered shoulders, 335ba and 355ba, ofthe collets may spring outwardly in the radial 
direction. 

The apparatus 300 may then be repositioned at least partially back within the 
tubular member 120. During the re-insertton of the apparatus into the tubular member 
120, the tower end 120c of the tubular member may impact the tapered shoulders, 
335ba and 35Sba, ofthe collets, 335b and 355b, rsspecHvely. thereby driving the 
collets fonvard until the tapered shoulders, 335bc and 355bc, of the collets are 
positioned proximate the tapered shoulders, 315gb and 315bb, respectively, <rf the 
tubular support member 315. As a result, the support rings. 335a and 355a, the 
collets, 335b and 355b, the tubular sleeves, 335c and 355c, the pins. 335d and 355d, 
the rings, 335e and 355e, the tubular coupling sleeve 335f, the tubular sleeve 355f, the 
rings, 335g and 355g. and the ring 3351 of the collet assemblies, 335 and 355. 
respectively, are driven fonrard, thereby compressing the springs. 335h and 355h, 
thereby sealing off the radial passage 31 5d and drvAng the expanston cone segments 
325 up the tapered hexagonal portton 315ib of the expansbn cone support body 3151 
of the tubular support member 315 into contact with the stop member 320. 

As a result, the outsMe diameter of the expansion oone segments 325 is now 
greater than the inside diameter of expandable tubul ar member 120 thereby pennltting 
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the apparatus 300 to be used lo radially expand and plastically deform the tubular 
member, and fluldic materials within the interior 315a of the tubular support member 
315 may no longer pass through the radial passage 315d into the annulus between the 
apparatus 300 and the tubular member thereby pemiltting the interior of the apparatus 
to be pressurized. 

The apparatus 300 may then be operated to radially expand and plasUeally 
defomi the tubular member 1 20 by applying an upward axial force to the tubular 
support member 315 and/or by injecting a pressurized fluldic material into the tubular 
support member. 

In particular, as illustrated In Figs. 5 and 5a^. the expandable tubular member 
120 may then be radially expanded using the apparatus 300 by Ceding a fluidic 
material 275 into the apparatus through the passages 305a. 310a. 315a. and 320a. 
The Injection of the fluldic material 275 may pressurize the Interior 120a of the 
expandable tubular member 120. In addition, because the packer cup assemblies. 340 
and 350. seal off an annular region 120aa below the packer cup assemblies between 
the expandable tubular member 120 and the tubular support member 315. the ir^on 
of the fluidk} material 275 may also pressurize the annular region. 

The continued injection of the fluklte material 275 may then pressurize the 
interior 120a of the expandable tubular member 120 thereby plastically defomiing and 
radially expanding the expandable tubular member off of the expansion cone segments 

325. Becau8etheoutersurt'aces.325bband325bcoftheexpan8lonconesegment8 
325 are tapered, the plastic defonnatton and radial expanskm of the expandable 
tubular member 120 proximate the expanskm oone segments is f^dWated. 
Furthemwe, in an exemplary embodiment, the continued injedion of the fluidk: 
25 material 275 also pressurizes the annular ragton 120aa defined between the interior 
surface of the expandable tubular member 120 and the exterior surfeoe of the tubular 
support member 31 5 that is bounded on the upper end by the pad(er cup assembly 
340 and on the lower end by the expansion cone segments 325. Furthemwre. in an 
exemplary embodiment, the pressurizatton of the annular regton 120aa also radially 
expands at least a portion of the sum,unding portton of the expandable tubular member 
120. In this manner, the plastic defomiation and mdlal expansion of the expandable 
tubular member 120 is enhanced. Furthemx,re. during operatfon of the apparatus 300 
the pad»r cup assemblies 340 and 350 prevent the pressurized fluWIc material 275 
from passing above and beyond the pad^er cup assemblies and thereby define the 
length of the pressurized annular region 120aa. In an exemplary embodiment, the 
pressurizatton of the annular region 120aa decreases th^c^r^ . 
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for plastic deformation and radial expansion of the expandable tutelar memt)er 120 by 
as much as 50% and also reduces the angle of attack of the tapered external surfiaces, 
325bb and 325bc, of the expansion cone segments 325. 

The radial expansion of the expandable tubular member 120 may then continue 
5 until the upper end 120b of the expandable tubular member is radially expanded and 
piastically defonned along with the overlapping portion of the wellbore casing 1 10. 
Because the expansion cone segments 325 may be adjustable positioned from an 
outside diameter less than the inside diameter of the expandable tubular member 120 
to an outside diameter substantially equal to the inside diameter of the pre-existing 
10 casing 110, the resulting wellbore casing, including the casing 1 10 and the radially 
expanded tubular member 120, created by the operation of the apparatus 300 may 
have a single substantially constant inside diameter thereby providing a mono<Jiameter 
wellbore casing. 

During the radial expansion process, the expansion cone segments 325 may be 

15 raised out of the e)q}dnded portion of the tubular member 120 by applying an upward 
axial force to the tubular support member 315. In a preferred embodiment, during the 
radial expansion process, ttie expansion cone segments 325 are raised at 
approximately ttie same rate as the tubular nnember 120 is expanded in order to keep 
ttie tubular member stationary relative to ttie new wellbm section 1 1 5. 

20 in a prefened embodiment, when ttie upper end portion of ttie expandable 

tububr member 120 and ttie lower portion of ttie wellbore casing 1 10 ttiat overlap witti 
one anottier are piastically deformed and radially expanded by the expansion cone 
segments 325, ttie expanston cone segments are displaced out of ttie v^llbore 100 by 
botti ttie operating pressure wittiin ttie interior of ttie tubular nnember 120 and a 

25 upwardly directed axial force applied to ttie tubular support member 305. 

In a preferred embodiment, ttie operating pressure and flow rate of ttie fluMic 
material 275 is controllably ramped down when Uie expansion cone segments 325 
reach ttie upper end portion of tiie expandable tubular member 120. In ttiis manner, 
the sudden release of pressure caused by ttie complete radial expanston and plastic 

30 deformation of ttie expandable tubular nnember 120 off of tiie expansion cone 

segments 325 can be minimized. In a preferred embodiment, the operating pressure is 
reduced in a substantially linear fashion from 100% to about 10% during ttie end of ttie 
extrusion process beginning when ttie expanston cone segments 325 are wittiin about 
5 feet (1 .524 m) from completion of ttie extniston process. 

35 Alternatively, or In combination, ttie wall ttilckness of ttie upper end portion of 
ttie expandable tubular member 120 Is tapered in order to gradually reduce ttie 


10 


30 


35 


required operating pressure for plastieally defbmilng and redialiy expanding the upper 
end portion of the tubular member, in this manner, shock loading of the apparatus is at 
least reduced. 

Alternatively, or In combination, a shock absorber is provided in the tubular 
support member 305 In order to absorb the shock caused by the sudden release of 
pressure. The shock absorber may comprise, for example, any oomrentlonal 
commercially available shock absorber, bumper sub. or jars adapted fbr use in weiibore 

operations. 

Alternatively, or in combination, an expansion cone catcMng structure is 
provided in the upper end portion of the expandable tubular member 120 In order to 
catch or at least decelerate the expansion cone segments 325. 

Alternatively, or in combination, during the radial expansion process, an upwaid 
axial force is applied to the tubular support member 315 sufficient to ptasUcaliy defonn 
and radially expand the tubular member 120 off of the extemal surfeces. 225bb and 
15 225bc of the expanskm cone segments 325. 

AitemaUveiy. or in combination, in order to facilitate the pressurization of the 
Intertor 120a of the expandable tubular member by the injection of the fluidic materials 
275. the regton within the wellbore sectkm 115 behMir the apparatus 300 may be 
fluididy sealed off In a convention manner using, for example, a packer. 

Once the radial expanston process Is comptetad. the tubular support member 
305. the tubular support mamber 310. the tubular support member 31 5. the end stop 
320, the expanston cone segments 325. the split ring collar 330, the collet assembly 
335. the packer cup assembly 340, the spacer 345. the packer cup assembly 350. and 
the collet assembly 355 are removed from the welibores 1 00 and 1 15. 

Referring to Figs. 6 and 6a^k. an alternative embodiment of an apparatus 400 
forfomiing a wellbore casing in a subterranean formation wHI now be described. The 
apparatus 400 includes a tubular support member 405 defining an internal passage 
405a that is coupled to an end of a tubular coupling 410 defining an internal passage 
410a. The other end of the tubular coupling 410 is coupled to an end of a tubular 
support member 415 defining an internal passage 41 5a that includes a first flange 
415b. a first radial passage 415c a second radial passage 415d. a second flange 
415e. a stepped flange 416f. a third flange 415g. a fourth flange 415h. a fifth flange 
41 51. and an expansion cone body 41 5j. The other end of the tubular support member 
415 Is coupled to a tubular end atop 420 that defines a passage 420a. 

As illustrated in Figs. 6e and Gf, the expanston cone support body 41 5| Includes 
a firet end 4iqa, a tapered hexagonal portton 415jb t hatindudManh.»iiiK.^T- 
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shaped stots 415jba provided on each of the external faceted surfoces of the tapered 
hexagonal portion, and a second end 415j& In an exemplary embodiment, the angle of 
attack of the tapered hexagonal portion 415jb ranges from about 35 to 50 degrees for 
reasons to be described. 
5 As illustrated in Hgs. 6, 6a-6d, and 6g-6l. a plurality of expansion cone 

segments 425 are provided that include first ends 425a that Include T-shaped retaining 
members 425aa and second ends 425b that include T-shaped raining members 
425ba that mate with and are received within conresponding T-shaped slots 415jba on 
the tapered hexagonal portion 41SJb of the expansion cone support body 415J, first 

10 external surfaces 425bb, second extemal surfaces 425bc. and tNrd mtemal surfaces 
42Sbd. Thus, in an exemplary embodiment, a total of six expansion cone segments 
425 are provided that are slidably coupled to corresponding sides of the tapered 
hexagorial portion 415Jb of the expansion cone support body 41 Sj. 

In an exemplary embodiment, the widths of the first extemal surfaces 425bb of 

15 the expansion cone segments 425 Increase In the direction of the second extemal 
surfaces 425bc. the widths of the second extemal surfaces are substantially constant, 
and the widths of the third extemal surfaces 425bd decrease in the direction of the first 
ends 42Sa of the expansion cone segments for reasons to be described. In an 
exemplary embodiment, the first extemal surfaces 425bb of the expansion cone 

20 segments 425 taper upwardly in the direction of the second extemal surfaces 425bc 
the second extemal surfaces taper upwardly In the direction of the third exienfial 
surftices 425bd. and the third extemal surfaces 425bd taper downwardly in the 
direction of the firet ends 425a of the expansion oone segments for reasons to be 
described. In an exemplary embodiment, the angle of attack of the taper of the firet 

25 extemal surbces 425bb of the expanston cone segments 425 are greater than the 
angle of attack of the taper of the second external surfaces 425t>c In an exemplary 
embodiment, the first and second extemal surtaces, 425bb and 425bc of the 
expansion cone segments 425 are arcuate such that when the expansion cone 
segments 425 are displaced In the direcb'on of the end stop 420, the first and second 

30 extemal surfaces of the expansion cone segntents provide a substantiaily continuous 
outer circumferential surface for reasons to be described. 

As Illustrated in Fig. 6J, In an exemplary embodiment, the external surfaces, 
425bb, 425bc. and 425bd. of the second ends 425b of ttie expansion cone segments 
425 are adapted to mate with one another in order to interiock adjacent expanston 

35 cone segments. 
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A spot ring collar 430 that defines a passage 430a for receiving the tubular 
support member 415 Is provided that includes a first end that includes plurality of T- 
shaped slots 430b fix receiving and mating with corresponding T-shaped retaining 
members 42Saa of the expansion cone segments 425 and a second end that includes 
an L-shaped retaining member 430a In an exemplary embodiment, the split ring odlar 
430 is a oonventkMial split ring collar commerciaiiy available firom Halliburton Energy 
Services modified in accordance with the teachings of the present disclosure. 

A dog assembly 435 is provided that includes a tubular sleeve 435a that defines 
a passage 435aa for receiving the tubular support member 415 that includes a first end 
that includes a slot 435ab for receiving and mating with the L-shaped retaining member 
430c of the split ring collar 430, a radial passage 435ac, and a recess 43Sad fbr 
receiving the fifth flange 415a of the tubular support member 415. A second end of the 
tubular sleeve 435a Includes a flange 435ae that mates with the Iburth flange 415h of 
the tubular support member 415. A retaining ring 435b that defines a passage 435ba 
for receiving the fifth flange 4151 Is received within the recess 435ad of the tubular 
sleeve 435a and Is coupled to an end of a load transfer pin 435a The opposite end of 
the load transfer pin 435c is received within the radial passage 435ac of the tubular 
sleeve 43Sa and Is coupled to an end of a tubular sleeve 435d that includes a recess 
435da at a first end fbr receiving the tubular sleeve 435a. and a radial opening 435dc 
ibr receiving a conventional resnient dog 435e. Aspring435f and aring435gthat 
defines a passage 435ga fbr receiving the tubular support member 415 are received 
within the recess 435ad of the tubular sleeve 435a between a firet end of the recess 
and the fifth flange 4151 of the tubular support member. 

A firet oonventional packer cup assembly 440 that defines a passage 440a for 
receiving the tubular support member 41 5 Includes a first end 440b that mates with the 
fourth fiange 415g of the tubular support member, a conventional seafing cup 440c 
and a second end 440d. A tubular spacer 445 that defines a passage 445a fbr 
receiving the tubular support member 415 includes a firet end 445b that mates with the 
second end 440d of the flret padter cup assembly 440 and a second end 445a A 
second conventional packer cup assembly 450 that defines a passage 450a fbr 
receiving the tubular support number 415 includes a first end 450b that mates with the 
second end 445c of the spacer 445, a conventional sealing cup 450c, and a second 
end 450d that mates with the stepped flange 41 5f of the tubular support member. 

A dog assembly 455 is provided that includes a tubular sleeve 455a that defines 
a passage 455aa fbr receiving the tubular support member 41 5. A firet end of the 
tubular sleeve 455a includes a radial ooenina 45Sab tnr nu^^ ^ — ■ 


redlient dog 455b. A second end of the tubular sleeve 455a indudes a recess 455ac 
and is coupled to an end ofa load transfer pin 455a The opposite end of the load 
transfer pin 455c is coupled to a retaining ring 455d that defines a passage 455da for 
receiving the tubular support member 41 5. A tubular sleeve 455e Is received within the 

5 recess 4S5ac of the tubular sleeve 4S5a that defines a passage 455ea for receiving the 
tubular support mend)er 415 and includes a first end that includes a radial passage 
455eb for receiving the load transffsr pin 465c and a recess 455ec for receiving a spring 
455f. A ring 45Sg that defines a passage 455ga for receiving the tubular support 
member 415 is further received within the recess 455ec of the tubular sleeve 45Se 

10 between the spring 455f and the second flange 415e of the tubular support member 
415. A second end of the tubular sleeve 455e Includes a radial passage 455ed, 
sealing members, 455ef and 455eg, and a recess 4S5eh that mates with the first flange 
415b of the tubular support member 415. 

in an exemplary embodiment during operation of the apparatus 400, as 

15 illustrated in Figs. 6 and 6a-6l(, the apparatus may be initially positioned in the wellbore 
100, within the casing 1 10, with the dog assemblies 435 and 455 positioned in a 
neutral position in which the radial passage 41 5d of the tubular support member 415 is 
fluididy coupled to the radial passage 4SSed of the dog assembly 455 and the 
expansion cone segments 425 are not driven up the tapered hexagonal portion 415jb 

20 of the expansion cone support body 41 5j of the tubular support member 415 Into 
contact the stop member 320. In this manner, fluidic materials wKhln the interior 
415a of the tubular support member 415 may pass tivough ttie radial passages, 41 5d 
and 455ed, Into ttie armulus between the apparatus 400 and ttie casing 110 thereby 
preventing over pressurization of the annulus. Furthenmore, in this manner, the outsMe 

25 diameter of the expansion cone segments 425 is less than or equal to ttie outside 
diameter of the stop member 420 ttiereby pemnitUng the apparatus 400 to be displaced 
witiiin the casing 110. 

As illustrated In Figs. 7, and 7a-7c Uie apparatus 400 may then be positioned in 
ttie tubular member 120. During tiie insertion of the apparatus into the tubular memt>er 

30 1 20. ttie upper end 1 20b of the tubular member may impact ttie ends of tiie resilient 
dogs. 435e and 455b, of ttie dog assemblies, 435 and 455. respectively, thereby 
driving ttie resilient dogs, 435e and 455b, backwards off of and adjacent to one side of 
ttie flanges, 415h and 41 5f, respectively. As a rssi^ of ttie backward axial 
displacement of the resilient dog 435e, ttie tubular sleeve 435d, the pin 435c, ttie 

35 retaining ring 435b. and Uie ring 435g of ttie dog assembly 435 are driven backward 
therebv comoressina the sorlna 435f and applying a n axial biasing force to ttie tubular 


10 


in 

sleeve 435a that prevents the expansion cone segments 425 from being displaced 
toward tlie end stop 420. As a result of the backward axial displacement of the resilient 
dog 455b. the tubular sleeve 45Sa, the pin 455c. the retaining ring 455d, and the ring 
455g of the dog assembly 455 are driven badcward thereby compressing the spring 
455f and applying an axial biasing force to the tubular sleeve 455e that prevents the 
radial passages. 415d and 455ed from being fluididy decoupled. 

The apparatus 400 may then be at feast partially positioned in the open hole 
section 115a of the wellbore section 1 15. beyond the lower end 120e of the tubular 
member 120. In an exemplary embodiment, that portion of the apparatus 400 that 
includes the stop member 420. the expansion cone segments 425. the split ring collar 
430, the dog assembly 435, the paciter cup assembly 440. the spacer 445. the padcer 
cup assembly 450, and the dog assembly 455 is then positioned in the open hole 
section 1 15a of the wellbore section 115, beyond the lower end 120 of the tubular 
member for reasons to be described. Because the dogs. 435e and 455b, of the dog 
15 assemblies. 435 and 455, respectively, are resilient, once the apparatus 400 has been 
positioned in the open hole section 1 1 5a of the wellbore section 1 15, beyond the lower 
end 120c of the tubular member 120, the resilient dogs. 435e and 455b. of the dog 
assembiim may spring outwvardly in the radial direction. 

The apparatus 400 may then be repositioned at least partially bade within the 
20 tubular member 120. During the rennsertlon of the apparatus into the tubular member 
120, the lower end 120c of the tubular member may impad the ends of the resUient 
dogs. 43Se and 455b. of the dog assemblies, 435 and 455. respectiveiy. thereby 
driving the resUient dogs foiward until the resilient dogs are positioned beyond and 
adjacent to the other side of the flanges, 415h and 415f. of the tubular support member 
25 415. 

As a result, of the forward axial displacement of the resilient dog 435e. the 
tubular sleeve 435a, the retaining ring 435b. the pin 435c the tubular sleeve 435d. the 
spring 435f. and the ring 435g of the dog assembiy 435 are displaced in the fbnvard 
axial direction thereby also displadng the split ring collar 430 and the expansion cone 

30 segments 425 In the fonward axial diredion. As a result, the expansion cone segments 
425 are driven up the tapered hexagonal portion 415jb of the expansion cone support 
body 415j of the tubular support member 415 Into contad with the stop member 320. 

As a result of the fonward axial displacement of the resilient dog 455b. the 
tubular sleeve 455a. the pin 455c. the retaining ring 455d. the tubular sleeve 455e. the 

35 spring 455f, and the ring 455g of the dog assembly 455 are driven fbnwird In the axial 
direction thereby fluididy decoupling the radial oaB Mniw aim akk^ 


coupling the radial passages 41 Sc and 41 5d. As a result fluldfc materials within the 
tubular support member 415 may not pass into the annulus between the tubular 
support member and the tubular member 120. 

As a result of the fbnward axial displacement of the resilient dog 435e, the 
5 outside diameter of the expansion cone segments 425 is now greater than the inside 
diameter of expandable tubular member 120 thereby permitting the apparatus 400 to 
be used to radially expand and plastically deform the tubular member, and fluldic 
materials within the interior 41 5a of the tubular support member 41 5 may no longer 
pass through the radial passages. 415d and 4S5ed. into the annulus between the 
10 apparatus 400 and the tubular memberthereby permitting the Interior of the apparatus 
to be pressurized. 

The apparatus 400 may then be operated to radially expand and plastically 
deform the tubular member 120 by applying an upward axial force to the tubular 
support member 415 and/or by injecting a pressurized fluldic material into the tubular 

15 support member. 

In particular, as illustrated In Figs. 8 and 8a-6d. the expandable tubular member 
120 may then be radially expanded using the apparatus 400 by injecting a fluldic 
material 275 into the apparatus through the passages 405a, 310a, 41 Sa. and 420a. 
The Injection of the fluidic material 275 may pressurize the interior 1 20a of the 

20 expandable tubular member 120. In addition, because the packer cup assemblies^ 440 
and 450, seal off an annular region 120aa below the padcer cup assemblies between 
the expandable tubular member 120 and the tubular support member 415, the injection 
of the fluidic material 275 may also pressurize the annular region. 

The omtinued Injection oT the fluldic material 275 mqy then pressurize the 

25 interior 1 20a of the expandable tubular member 120 thereby ptasUcaliy deforming and 
radially expanding the expandable tubular mentber off of the expansion cone segments 
425. Because the outer surfeoes, 425bb and 425bc cS the expansion cone segments 
425 are tapered, the plastic defomnation and radial expansion of the expandable 
tubular member 120 proximate the expansion cone segments is facilitated. 

30 Furthemnora. in an exemplary embodiment the continued injection of the fluidic 
material 275 also pressurizes the annular region 120aa defined between the interior 
surface of the expandat>le tubular member 120 and the exterior surface of the tubular 
support member 415 that is bounded on the upper end by the padcer cup assembly 
440 and on the lower end by the expansion oone segments 425. Furthenmore, in an 

35 exemplary embodiment, the pressurization of the annular region 1 20aa also radially 
expands at least a ixxlion of the surrounding portio n of the expandable tubular member 


120. in this manner, the plastic deformation and radiai expansion of the expandable 
tubular member 120 is enhanced. Furthermore, during operation of the apparatus 300, 
the packer cup assemblies 440 and 450 prevent the pressurized fluidic material 275 
from passing above and beyond the packer cup assemblies and thereby define the 
5 length of the pressurized annular regton 120aa. In an exemplary embodiment, the 
pressurization of the annular re^ 120aa decreases the operating pressures req uired 
for plastic deformation and radial expansion of the mpandable tubular member 120 by 
as much as 50% and also reduces the angle of attack of the tapered exiemal surfaces, 
42Sbb and 425bc, of the expansion cone segments 425. 
10 The radial expansion of the expandable tubular member 120 may then continue 

until the upper end 120b of the expandable tubular member is radially expanded and 
plastically defomied along with the overiapping portk)n of the wellbore casing 110. 
Because the expansion cone segments 425 may be adjustably positioned from an 
outside diameter less than the inside diameter of the expandable tubular member 120 
15 to an outside diameter substantially equal to the Inside diameter of the preexisting 
casing 110. the resulting wellbore casing, including the casing 1 10 and the radially 
expanded tubular member 120. created by the operation of the apparatus 400 may 
have a single substantially constant inside diametsrthereby providing a monoKllarneter 
wellbore casing. 

During the radial wqpanslon process, the expanskm cone segments 425 m«y be 
raised out of the expanded portion of the tubular member 120 by applying an upward 
axial fbrce to the tubular support member 415. In a preferred embodiment, during the 
radial expansion process, the expansion cone segments 425 are raised at 
approximately the same rate as the tubular member 120 is expanded in order to keep 
the tubular member stattonary relative to the new wellbore section 115. 

In a preferred embodiment, when the upper end portton of the expandable 
tubular member 120 and the lower portion of the wellbore casing 110 that overiap vidth 
one another are plastically deformed and radially expanded by the expanston cone 
segments 425, the expansion cone segments are displaced out of the wellbore 100 by 
both the operating pressure within the Interior of the tubular member 1 20 and a 
upwardly directed axial fbrce applied to the tubular support member 405. 

In a preferred embodiment, the operating pressure and flow rate of the fluidic 
material 275 Is oontroiiably ramped down when the expanston cone segments 425 
reach the upper end portion of the expandable tubular member 120. In this manner, 
the sudden release of pressure caused by the complete radial expansion and plastic 
deformatkm of the expandable tubular member 120 off of the expansion cone 
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segments 425 can be minimizBd. In a preferred embodiment, the operating pressure is 
reduced in a substantially linear fashion from 100% to about 10% during the end of the 
extnjsion process beginning when the expansion cone segments 425 are within about 
5 feet (1 .524 m) from completion of the extrusion process. 
5 Alternatively, or in combination, the wall thidcness of the upper end portion of 

the expandable tubular member 120 is tapered in order to gradually reduce the 
required operating pressure for plastically defonning and radially expanding the upper 
end portion of the tubular member. In this manner, shock loading of the apparatus is at 
least reduced. 

10 Alternatively, or in combination, a shodc absorber Is provided In the tubular 

support member 405 In order to absorb the shodc caused by the sudden release of 
pressure. The shod^ absorber may comprise, for example, any conventional 
commerdally available shodc absorber, bumper sub, or jare adapted for use in wellbore 
operations. 

15 Alternatively, or in combination, an expansion cone catching structure is 

provided in the upper end portion of the expandable tubular member 120 in order to 
catch or at least decelerate the expansion cone segments 425. 

Alternatively, or in combination, during the radial expansion process, an upward 
axial force is applied to the tubular support member 41 5 suffident to plastically deform 

20 and radially expand the tubular member 120 off of the external surtaces, 225bb and 
225bc of the expansion cone segments 425. 

Altematively, or in combination, In order Id fadlitate the pressurization of the 
interior 120a of the expandable tubular member by the injection of the fluidic materials 
275. the region within the wellbore section 1 15 below the apparatus 400 may be 

25 fluididy sealed off In a convention manner using, for example, a packer. 

Once the radial expansion process is completed, the tubular support member 
405. the tubular support member 410, the tubular support member 415. the end stop 
420, the expansion cone segments 425, the split ring collar 430. the dog assembly 435, 
the packer cup assembly 440. the spacer 445. the padcer cup assembly 450, and the 

30 dog assembly 455 are removed from the weilbores 1 00 and 115. 

Referring now to Figs. 9. 9a. 10 and 10a. an embodiment of an adjustable 
expanston cone assembly 500 will be described. The assen^ly 500 Indudes a tubular 
support member 505 that defines a passage 505a and indudes a flange 505b, an 
expansion cone support flange assembly 505c, and an end stop 505d. The expansion 

35 cone support flange assembly 505c Indudes a tubular body 505ca and a plurality of 
equally spaced apart expansion cone segment support members 505cb that extend 


outwardly from the tubular body in the ladial direction that each include identical bases 
SOScba and extensions SOScbb. The support members SOScb further include first 
sections SOScbc having arcuate conical outer surfaces and second sections 505cbd 
having arcuate cylindrical outer surfaces for reasons to be described. 
5 An expansion cone segment assembly 510 is provided that Includes a tubular 

support 510a defining a passage SlOaa for receiving the tubular support member 505 
and a slot SlOab. A plurality of spaced apart and substantially identical resilient 
expansion cone segment collets SlOb extend from the tubular support 510a in the axial 
direction that include expansion cone segments SlOba extending therefrom in the axial 

10 direction. Each of the expansion cone segments SlOba further include arcuate conical 
expansion surfaces SlObaa for radially expanding an expandable tubular member. 

A split ring collar 515 is provided that defines a passage 515a for receiving the 
tubular support member 505 that indudes an L-shaped retaining member 515b at one 
end for mating with the slot 51 Oab of the tid)ular support 51 Oa of the expansion cone 

15 segment assembly 510. Another end of the split ring collar 515 includes an L-shaped 
retaining member 51 5c. A tubular sleeve 520 is provided that defines a passage 520a 
for receiving the tubular support member 505 that includes a slot 520b for receiving the 
L-shaped retaining member 515c of the split ring collar 515. 

During operation of the assembly 500. as illustrated In Figs. 9 and 9a, in an 

20 unexpended position, the expansion cone segments SlOba of tto expansion cone 
segment assembly 510 are positioned adjacent to the base of the conical section 
505cbc of the expansion cone segment support members SOScb with the outside 
diameter of the expansion cone segments less than or equal to the maximum outside 
diameter of the assembly. As illustrated in Rgs. 10 and 10a. the assembly 500 may 

25 then be expanded by displacing the tubular sleeve 520, the split ring collar 515, and the 
expansion cone segment assembly 510 in the axial direction towards the expansion 
cone segment support members SOScb. As a result, the expansion cone segments 
SlOba are driven up the conical section 505cbc of the expansion cone segment 
support members SOScb and then onto the cylindrical section SOSdbd of the expansion 

30 cone segment support members until the expansion cone segments Impact the end 
stop SOSd. In this manner, the outside diameter of the expansion segments SlOba Is 
greater than the nrwxlmum diameter of the remaining components of the assembly 500. 
Furthermore, the conical outer surfeces SlObaa of the expansion cone segments 
SlOba may now be used to radially expand a tubular member. Note that the 

35 extensions SOScbb of the expansion cone segment support members SOScb provide 
support in the circumferential direction to the adjace nt expansion cone seaments 
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SlOba. In an exennplary embodiment, the outer conical surfaces SlObaa erf the 
expansion cone segments 510t)a in the expanded position of the assembly 500 provide 
a substantially continuous outer conical surfaces In the drcumferential direction. 
The assembly 500 may then be returned to the unexpended position by 

5 displacing ttie tubular sleeve 520, tfie split ring collar 515, and ttie expansion cone 
segment assembly 510 in the axial direction away from the expansion cone segment 
support nnembers 505cb. As a result the expansion cone segments SlOba are 
displaced off of the cylindrical section 505cbd and the conical section 505cbc of ttie 
expansion cone segment support members SOScb. Because ttie collets 510b of ttie 

10 expansion cone segment assembly 51 0 are resilient, ttie expansion segments 510ba 
are ttiereby returned to a position In which ttie outside diameter of ttie expansion cone 
segments is less tiian or equal to ttie maximum diameter of ttie remaining components 
of the assembly 500. 

In several altemative embodiments, the assembly 500 is incorporated into ttie 

1 5 assemblies 200, 300 and/or 400. 

Referring now to Figs. 11, 1 1a, 12 and 12a, an embodiment of an adjustable 
expansion cone assembly 600 will be described. The assembly 600 includes a tubular 
support membor 605 ttiat defines a passage 605a and includes an expansion cone 
support flange assembly 60Sb, and an end stop 605a The expansion cone support 

20 flange assembly 605b includes a tubular body 605ba and a plurality of equally spaced 
apart expansion cone segment substantially identical support members 605bb ttiat 
extend outwardly from ttie tubular body In ttie radial direction. The support members 
605bb fiirttier include first sections 605bba having arcuate ^ndrical outer surfeces, 
second sections 605bbb having arcuate conical outer surfiaces, and ttiird sections 

25 605bbc having arcuate cylindrical outer suriiaces for reasons to be described. 

An expansion cone segment assembly 610 Is provided ttiat includes a tubular 
support 610a defining a passage 610aa for receiving ttie tubular support member 605 
and a slot 610ab. A plurality of spaced apart and substantially Identical resilient 
expansion cone segment collets 610b extend from ttie tubular support 610a in the axial 

30 direction ttiat include expansion cone segnnents 610ba extending therefrom In the axial 
direction. Each of ttie expansion cone segments 610ba further include arcuate conical 
expansbn surfaces 610baa for radially expanding an expandable tubular member. 

A split ring collar 615 is provided ttiat defines a passage 615a for receiving ttie 
tubular support member 605 ttiat includes an L-shaped retaining member 615b at one 

35 end for mating witti ttie slot 61 Oab of ttie tubular support 61 Oa of ttie expansion cone 
segment assembly 610. Anottier end of ttie split rin g collar 615 includes an L-shaped 
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retaining member 615a A tubular sleeve 620 is provided that defines a passage 620a 
for receiving the tubular support member 605 that includes a slot 620b for receiving the 
L-shaped retaining member 615c of the split ring collar 615. 

During operation of the assembly 600. as Illustrated in Figs. 11 and 11a, In an 
unexpended position, the expansion cone segments 610ba of the expansion cone 
segment assembly 610 are positioned on the cylindrical section 605bba. adjacent to 
the base of the conical section 605bbb, of the expansion cone segment support 
members 605bb with the outside diameter of the expanston cone segments less than 
or equal to the maximum outside diameter of the assembly. As illustrated in Figs. 12 
and 12a, the assembly 600 may then be expanded by displacing the tubular sleeve 
620, the split ring collar 61 5, and the expansion cone segment assembly 61 0 in the 
axial direction towards the expansion cone segment support members 605bb. As a 
result, the expansion cone segments 610ba are driven up the conical section 605bbb 
of the expanston cone segment support members 605bb and then onto the cylindrical 
sedton 605bbc of the expanston cone segment support members until the expansion 
cone segments impact the end slop 605c In this manner, the outside diameter of the 
expansion segments 610ba is greater than the maximum diameter of the remaining 
components of the assembly 600. Furthemriore, the conical outer surboes 610baa of 
the expanston cone segments 610ba may now be used to radially expand a tubular 
member. In an exemplary embodlnient the outer contoai surfeces 610baa of the 
expansion cone segments 610ba In the expanded position of the assembly 600 provide 
a substantially continuous outer conical surfaces in the drcumferentiai direction. 

The assembly 600 may then be returned to the unexpended position by 
displacing the tubular sleeve 620, the split ring collar 615, and the expanston cone 
segment assembly 610 in the axial direction away from the expansion oone segment 
support members 605bb. As a result the expansion cone segments 610ba are 
displaced off of the cylindrical sedton 605bbc and the conical section 605bbb and bade 
onto the cylindrical section 605bba of the expansion cone segment support members 
605bb. Because the collets 61 Ob of the expansion cone segment assembly 61 0 are 
resilient, the expansion segments 610ba are thereby returned to a position in which the 
outside diameter of the expansim cone segnients is less than or equal to the maximum 
diameter of the remaining components of the assembly 600. 

In several alternative embodiments, the assembly 600 Is Incorporated into the 
assemblies 200. 300 and/or 400. 

Referring now to Figs. 13, 13a, 13b. 13c; 14 and 14a, an embodiment of an 
adjustabto expansion cone assembly 700 will be de scribed. The assembly 700 


Includes a tubular support member 705 that defines a passage 70Sa and Includes an 
expansion cone support flange assembly TOSb, and an end stop 705c. The expansion 
cone support flange assembly 705b includes a tubular body 705ba and a plurality of 
equally spaced apart expansion cone segment substantially identical support nnembers 

5 705bb that extend outwardly from the tubular body In the tsxM direction. The support 
members 705bb further Include first sections 705bba having arcuate cylindrical outer 
surfaces, second sections 705bbb having arcuate conical outer surfaces, and third 
sections 70Sbbc having arcuate cylindrical outer surbces for reasons to be described. 
An expansion cone segment assembly 71 0 Is provided that includes a first 

10 tubular support 710a defining a passage 710aa for receiving the tubular support 
member 705 that includes a slot 710ab and a second tubular support 710b defining a 
passage 710ba for receiving the tubular support member 705 that includes a plurality of 
spaced apart and substantially Identical axial slots 71 (M>b. A plurality of spaced apart 
and substantially identical resilient expansion cone segment collets 710ac extend from 

1 5 the first tubular support 71 Oa in the axial direction and are received within 

corresponding ones of the axial slots 710bb In the second tubular support 710b that 
include substantially identical expansion cone segments 710aca extending therefrom In 
the axial direction. A plurality of spaced apart and substanUaRy Identical resilient 
expansion cone segment collets 710bc extend from the second tubular support 710b in 

20 the axial direction that are interieaved and overtap with the expanston oone segment 
collets 710ac and that Include substantially identical expansion cone segments 710bca 
extending therefirom in the axial direction. Each of the expansion cone segments, 
710aca and 710bca, further Include arcuate conical expansion surfaces. 710acaa and 
710bcaa. respectively, for radially expanding an expandable tubular member. A 

25 plurality of pins 71Sa-715d couple the expansion cone segment collets 710ac to the 
second tubular support 710b. 

A split ring collar 720 Is provided that defines a passage 720a for receiving the 
tubular support member 705 that includes an L-ehaped retaining member 720b at one 
end for mating with the slot 710ab of the first tubular support 71 Oa of the expansion 

30 cone segment assembly 710. Another end of the split ring collar 720 Includes an L- 
shaped retaining member 720a A tubular sleeve 725 is provided that defines a 
passage 725a for receiving the tubular support member 705 that Includes a stot 725b 
for receiving the L-shaped retaining member 720c of the split ring collar 720. 

During operation of the assembly 700. as Illustrated in FHgs. 13. 13a. 13b. and 

35 13c. In an unexpended posiflon. the expansion cone segments 710aca of the 
expansion cone segment assembly 710 overtap wit h and are positioned over the 
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expansion oone segments 710bca of the expansion cone segnnent assembly, adjacent 
to the base of the conical section 70Sbbb, of the expansion cone segment support 
members 705bb with the outside diameter of the expansion cone segments less than 
or equal to the maximum outside diameter of the assembly. As illustrated In Figs. 14 
and 14a. the assembly 700 may then be expanded by displacing the tubular sleeve 
725, the split ring collar 720, and the expansion cone segment assembly 710 in the 
axial direction towards the expansion cone segment support members 705bb. As a 
result, the expansion cone segments, 710aca and 710bca, are driven up the conical 
section 705bbb of the expansion cone segment support members 705bb and then onto 
the cylindrical section 705bbc of the expansion cone segment support members until 
the expansion cone segments Impact the end stop 705a In this manner, the outside 
diameter of the expansion segments. 710aca and 710bca. Is greater than the 
maximum diameter of the remaining components of the assembly 700. Furthenrore, 
the conical outer surfeoes, 710acaa and 710bcaa, of the expansion cone segments. 
710aca and 710bca. respectively, may now be used to radially expand a tubular 
member. In an exemplary embodiment, the outer conical surfaces. 710acaa and 
710bcaa, of the expansion oone segments. 710aca and 710bca. respectively, in the 
expanded position of the assembly 700 provide a substantially continuous outer conical 
surfaces In the drcumferential direction. 

The assembly 700 may then be returned to the unexpended position by 
displacing the tubular sleeve 720, the splK ring collar 715, and the expansion cone 
segment assembly 710 in the axial direction away from the expansion oone segment 
support members 70Sbb. As a result, the expansion oone segments, 710aca and 
710bca. are displaced off of the cylindrical section 705bbc end the conical section 
70Sbbb and back onto the cylindrical section 705bba of the expansion cone segment 
support members 705bb. Because the collets. 710ac and 710bc, of the expansion 
cone segment assembly 710 are resilient, the expansion segnwnts, 710aca and 
710bca. are thereby retumed to a position in whidi the outside diameter of the 
expansion cone segments Is less than or equal to the maximum diameter of the 
remaining components of the assembly 700. 

In several alternative embodiments, the assembly 700 is Incorporated Into the 
assemblies 200. 300 and/or 400. 

Refening to Figs. 15 and 15a-15j. an alternative embodiment of an apparatus 
800 for fomiing a wellbore casing In a subtenanean fonmation wID now be described. 
The apparatus 800 includes a tubular supporit member 805 defining an internal 
passage 805a that Is coupled to an end of a tubular coupling 810 defining an internal 
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p£^age 810a. The other end of the tubular coupling 81 0 is coupled to an end of a 
tubular support member 815 defining an Internal passage 815a having a thiMt 
passage 815aa that includes a first radial passage 815b, a first flange 815c having a 
second radial passage 81Sd, a second flange B15e having opposite shouUers. 815ea 
and 815eb, a third flange 815f, and an expansion cone support body 815g. The other 
end of the tubular support member 81 5 Is coupled to a tubular end stop 820 that 
defines a passage 820a. 

As Illustrated in Figs. 15d and 15e. the expansion cone support body 81 5g 
includes a first end 815ga. a tapered hexagonal portion 81 5gb that includes a plurality 
of T-shaped slots aiSgba provided on each of the extemal faceted surfaces of the 
tapered hexagonal portion, and a second end 815ga in an exemplary embodiment, 
the angle of attack of the tapered hexagonal portion 81Sgb ranges from about 35 to SO 
degrees for reasons to be described. 

As illustrated in Figs. 15, 15a-15c. and 15f-15j. a plurality of expansion cone 
segments 825 are provided that include first ends 825a that include T-shaped retaining 
members 825aa and second ends 825b that include T-shaped retaining members 
825ba that mate with and are received within corresponding T«shaped slots 81Sgba on 
the tapered hexagonal portion 815gb of the expansion cone support body 815g, first 
extemal surfaces 825bb, second extemal surfaces 825bc and third extemal surfaces 
825bd. Thus, In an exemplary embodiment a total of six expansion cone segments 
825 are provided that are siidably coupled to corresponding sides of the tapered 
hexagonal portion 815gb ofthe expansion cone support body 815g. 

In an exemplary embodiment, the widths ofthe first external surfaces 825bb of 
the expansion cone segments 825 increase in the direction of the second extemal 
surtaces 825bc the widths of the second external surfaces are substantially constant, 
and the widths of the third extemal surfaces 825bd decrease in the direction of the first 
ends 825a of the expansion cone segments for reasons to be described In an 
e»mplary embodiment, the first extemal surfaces 825bb of the expansion cone 
segments 825 taper upwardly in the direction of the second exten^al surfaces 825bc, 
the second extemal surfaces taper upwardly In the direction of the third extemal 
surfaces 825bd, and the third extemal surfaces 825bd taper downwardly in the 
direction of the first ends 825a of the expansion cone segments for reasons to be 
described, in an exemplary embodiment, the angle of attack of the taper of the first 
extemal surfaces 825bb of the expanston cone segments 825 are greater than the 
angle of attack of the taper of the second extemal surfaces 825bc. In an exemplary 
embodiment, the first and second extemal surfaces . 825bb and 825bc, of the 
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expansion cone segments 825 are arcuate such that when the expansion cone 
segments 825 are displaced in the direction of the end stop 420, the first and second 
extemal surfeoes of the expansion cone segments provide a substantially continuous 
outer circumferential surface for reasons to be described. 
5 As illustrated in Fig. 151. in an exemplary embodiment, the extemal surfaces. 

825bb. 825bc. and 825bd, of the second ends 825b of the expansion cone segments 
825 are adapted to mate with one another in order to interiodc acQacent expansion 
cone segments. 

A split ring collar 830 that defines a passage 830a for receiving the tubular 

10 support nriember 815 Is provided that includes a first end that Includes plurality of T- 
shaped slots 830b for receiving and mating with conesponding T-shaped retaining 
members 825aa of the expansion cone segments 825 and a second end that includes 
an L-shaped retaining member 830c. In an exemplary embodiment, the split ring collar 
830 is a conventional split ring coliar commerclatly available from Halliburton Energy 

1 5 Services modified In accordance with the tea^lngs of the present disclosure. 

A dog assembly 835 is provided that Includes a tubular sleeve 835a that defines 
a passage 835aa for receiving the tubular support member 815 and includes a slot 
835ab for receiving and mating with the L-shaped retaining member 830c of the split 
ring collar 830, a counteriDore 835ac and a radial passage 835ad. An end of a load 

20 transfer pin 835b passes through the radial passage 835ad and Is coupled to a 
retaining ring 835c that defines a passage 835ca fbr receiving the flange 815f of the 
tubular support member 81 5 and Is received within the counterbore 835ac of the 
tubular sleeve. A ring 835d that defines a passage 83Sda fbr receiving the tubular 
support member 815 and a spring 835e are also received within the counterbore 835ac 

25 of the tubular sleeve 835a between the flange 81 5r and the end of the counterbore. 
The other end of the load transfer pin 83Sb is coupled to an end of a tubular sleeve 
835f that includes a counterbore 835fa fbr receiving the tubular sleeve 835a, a radial 
passage 835fb for receiving a conventional resilient dog 835g, a oounteriiwre 835fc for 
receiving and mating with the flange 815e of the tubular support member 815, a flange 

30 835fd, and a flange 835fe including cowrterbores, B35ff and 835fg, that mate with and 
receive the flange 815c of the tubular support member, and a radial passage 835fh. 

A first conventional padcer cup assembly 840 that defines a passage 440a for 
receiving the tubular sleeve 835f includes a first 840b that mates with the flange 
835fd of the tubular sleeve a35f, a conventional sealing cup 840c. and a second end 

35 840d. A tubular spacer 845 that defines a passage 845a fbr receiving the tubular 
sleeve 835f includes a first end 84Sb that mates with the second end840dofthB first 


packer cup assembly 840 and a second end 845c. A second conventional packer cup 
assembly 850 that defines a passage 850a for receiving the tubular sleeve 83Sf 
includes a first end 850b that mates with the second end 845c of the spacer 845. a 
conventional sealing cup 850c, and a second end 850d that mates with the flange 

5 835fe of the tubular sleeve. 

In «i exemplary embodiment, during operation of the apparatus 800, as 
illustrated In Figs. IS and 15a-15i. the apparatajs may be inltially positioned in the 
weObore 100. within the casing 110, with the dog assembly 835 positioned In a neutral 
position in which the radial passage 815d of the tubular support member 815 is fluldidy 

10 coupled to the radial passage 835fh of the dog assembly 835 and the expansion cone 
segments 825 are not driven up the tapered hexagonal porlton 81 5gb of the expansion 
cone support body 815g of the tubular support member 815 into contact with the stop 
member 320. In this manner, fluidic materials within the Interior 815a of the tubular 
support member 815 may pass through the radial passages, 815d and 835fh, into the 

15 annulus between the apparatus 800 and the casing 110 thereby preventing over 

pressurization of the annulus. Furthennore, in this manner, the outside diameter of the 
expansion cone segments 825 is less than or equal to the outside diameter of the stop 
member 820 thereby permitting the apparatus 800 to be di^aced within the casing 
110. 

20 As illustrated In Figs. 16, and 16a-16c the apparatus 800 may then be 

positioned in fte tubular member 120. During the insertion of the apparatus into the 
tubular member 120. the upper end 120b of the tubular member may Impact the end of 
the resilient dog 835g of the dog assembly 835 thereby driving the resHlent dog 835g 
backwards onto the shoulder 81Sea of the flange B15a of the tubular support member 

25 815. As a result of the backwanl axial displacement of the resilient dog 835g. the 

tubular sleeve 835f, the pin 835b, the retaining ring 835c, the ring 835d, and the spring 
835e of the dog assembly 835 are driven backward thereby compressing the spring 
835e and applying an axial btesing force to the tubular sleeve 835a that prevents the 
expanston cone segments 825 from being displaced tovi«rd the end stop 820. 

30 The apparatus 800 may then be at least partially positioned in the open hole 

section 115aof the vwllbore section 115. beyond the lower end 120cof the tubular 
member 120. In an exemplary embodiment, that portton of the apparatus 800 that 
includes the stop member 820. the expanston cone segments 825, the split ring collar 
830, and the dog assembly 835 Is then posittoned in the open hole sedton 115a of the 

35 weilbore sedton 115, beyond the lower end 120 of the tubular member for reasons to 
be described. Because the dog 835g of the dog as sembly 835 is resilient, once the 


apparatus 800 has been positioned in the open hole section 1 1Sa of the welltK)re 
section 1 15. beyond the lower end 120c of the tubular member 120. the resilient dog of 
the dog assembly may spring outwardly in the radial direction. 

The apparatus BOO may then be repositioned at least partially back within the 
5 tubular member 120. During the reinsertion of the apparatus into the tubular member 
120, the lower atd 120c of the tubular member may impact the ends of the resilient 
dog 835g of the dog assembly 835 thereby driving the resilient dog f onrard until the 
resilient dog is positioned onto the shoulder 815eb of the flange 815e of the tubular 
support member 815. 

10 As a result of the forward axial dispteicement of ttie resilient dog 835g. the 

tubular sleeve 835f, the spring 835e, the ring 835d, the ring 835c, the pin 835b. and the 
tubular sleeve 835a are displaced in the forward axial direction thereby also displacing 
the split ring collar 830 and the expansion cone segments 825 in the fonAfard axial 
direction. As a result, the expansion cone segments 825 are driven up the tapered 

1 5 hexagonal portion 81 5gb of the expansion cone support body 81 5g of the tubular 

support member 81 5 into contact with the stop member 320. Purthemoore. as a result 
of the fbnrard axial displacement of the tubular sleeve 835f. the radial passages. 815d 
and 835fh. are fluidldy decoupled. As a result fluidic materials within the tubular 
support member 815 may not pass into the annulus between the tubular support 

20 member and the tubular member 120. 

As a result of the fomvard axial displacement of the resilient dog 435e, the 
outside diameter of the expansion cone segments 825 is now greater than the inside 
diameter of expandable tubular member 120 thereby permitting the apparatus 800 to 
be used to radially expand and plastically deform the tubular nfiember. and fluklic 

25 materials within the interior 81 5a of the tubular support member 815 may no longer 
pass through the radial passages, 815d and 455ed, into the annulus between the 
apparatus 800 and the tubular member thereby pemnitting the interior of the apparatus 
to be pressurized. 

The apparatus 800 may then be operated to radially expand and plastically 
30 deform the tubular member 120 by applying an upward axial force to the tubular 
support member 815 and/or by Injecting a pressurized fluidte nnateriai into the tubular 
support member. 

In partteular. as illustrated In Rgs. 17 and 17a-17c, the expandable tubular 
member 120 may then be radially expanded using the apparatus 800 by injecting a 
35 fluidic material 275 into the apparatus through the passages 80Sa, 810a. 815a, and 
820a. The injection of the fhjklic material 275 may prassuifze the Interior 120a of the 
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expandable tubular member 120. In addition, because the packer cup assemblies. 840 
and 850. seal off an annular region 120aa below the packer cup assemblies between 
the expandable tubular member 120 and the tubular support member 815, the Ir^ectton 
of the fluMk; material 275 may also pressurize the annular region. 

The continued Injectkxi of the fluMIc material 275 may then pressurize the 
interior 120a of the expandabto tubular member 120 thereby plastkaiiy defbmiing and 
radially expanding the expandabte tubular member off of the expansion cone segments 
825. Because the outer surfaces, 825bb and 825bc of the expansion cone segments 
825 are tepered, the plastic defbnfnatlon and radai nqsanslon of the expandabte 
tubi^ member 120 proximate the expansion cone segments is tedliteted. 
Furthennore, in an exemptory embodiment, the continued injection of the fluldic 
material 275 also pressurizes the annular regton 120aa defined between the interk)r 
surface of the expandable tubular member 120 and the exterior surface of the tubuter 
support member 81 5 that Is bounded on the upper end by the packer cup assembly 
840 and on the lower end by the expansion cone segmente 825. Furthermore, in an 
exemplary embodiment, the pressurizatlon of the annular region 120aa also radtally 
expands at least a portton of the sunnounding portton of the expandabto tubuter member 
120. In this manner, the plastic d^ormatten and radial expanston of the expandabto 
tubular member 120 to enhanced. Furthennore, during operatkm of the apparatus 300, 
the packer cup assembitos 840 and 850 prevent the pressurized fiuMIc material 275 
from passing above and beyond the packer cup assembitos and thereby define the 
tength of the pressurized annular region 1 20aa. In an exemptory embodiment. 0)e 
pressurizatlon of the annutor regton 120aa decreases the operating pressures required 
for ptostto defbrniatkm and radtol expansion of the expandabto tubular member 120 by 
as much as 50% and ateo reduces the angte of atteck of the tepersd extemal surfaces, 
825bb and 825bc of the expansion oone segments 825. 

The radtol expansion of the expandabte tubuter nwmber 120 may then continue 
until the upper end 120b of the expandabte tubular member to radially expanded and 
plasttealty defbmned along with the overiapping portion of the wellbore casing 1 10. 
Because the expansion cone segmente 825 may be adjustably positioned frtxn an 
outside diameter less than the InsWe dtometer of the expandable tubuter menf*er 120 
to an outeWe diameter substenttoBy equal to the inside diameter of the pre-exteting 
casing 1 10, the resulting wellbore casing, including the casing 1 1 0 and the radtolly 
expanded tubular member 120. created by the operation of the apparatus 800 may 
have a singte substentiaiiy constant Inside dtometer thereby providing a nnoncHltometer 
wellbore casing. 


4*1 


During the radial expansion process, the expansion cone segnnents 825 niay t>e 
raised out of the expanded portion of the tubular niennt>er 120 by applying an upward 
axial force to the tubular support member BIS. In a preferred embodiment, during the 
radial expansion process, the expanston cone segments 825 are raised at 
approximately the same rate as the tubular member 120 is expanded in order to keep 
the tubular member stationary relative to the new wellbore section 115. 

in a preferred embodiment when the upper end portion of the expandable 
tubular member 120 and the lower portion of the wellbore casing 1 10 that overtap with 
one another are plastically defonned and radially expanded by the expansion cone 
segments 825, the expansion cone segments are displaced out of the wellbore 100 by 
both the operating pressure v^^hin the Interior of the tubular member 120 and a 
upwardly directed axial force applied to the tubular support number 405. 

In a preferred embodiment, the operating pressure and flow rate of the fluidic 
material 275 is controllably ramped down when the expansion cone segments 825 
reach the upper end portion of the expandable tubular member 120. In this manner, 
the sudden release of pressure caused by the complete radial expansion and plastic 
deformation of the expandable tubular member 120 off of the expansion cone 
segments 825 can be minimized. In a preferred embodiment, the operating pressure Is 
reduced in a substantially linear fashion from 100% to about 10% during the end of the 
extrusion process beginning when the expansion cone segments 825 are within about 
5 feet (1.524 m) from oompleUon of the exfrusion process. 

Altematlveiy, or in combination, the wall friickness of the upper end portton of 
the expandable tubular member 120 Is tapered In order to gradually reduce the 
required operating pressure for plastically deft>mfiing and radially expanding the upper 
end portion of the tubular member. In this manner, shock toading of the apparatus is at 
least reduced. 

Alternatively, or in combination, a shock absori}er Is provided In the tubular 
support member 805 In order to absort) the shock caused by the sudden release of 
pressure. The shock absort)er nwy comprise, for example, any conventional 
commercially available shock absortwr, bumper sub, or jars adapted for use in wellbore 
operattons. 

Alternatively, or in combination, an expanston cone catching structure is 
provMed in the upper end portion of the expandable tubular member 120 in order to 
catch or at least decelerate the expansion cone segments 825. 

Alternatively, or in comblnalten, during the radial expansion process, an upward 
axial farce is applied to the tubular support member 81 5 sufftetent to plastically defbrni 


and radially expand the tubular member 120 off of the external surfaces. 225bb and 
22Sbc of the expansion cone segments 825. 

AHematively. or In combination, in order to facilitate the pressurizatlon of the 
Interior 120a of the expandable tubular member by the injection of the fluidic materiate 
275. the region within the wellbore section 1 1 5 below the apparatus 800 may be 
flukJldy seated off in a convention manner using, for exampte. a padcer. 

Once the radtel expansion process is completed, the tubuter support member 
805. the tubuter support member 810. the tubular support member 815, the end stop 
820. the expansion cone segmente 825, the split ring collar 830, the dog assembly 835, 
the pedwr cup assembly 840, the spacer 845. and the packer cup assembly 850 are 
removed firom the wellbores 100 and 115. 

If the expansion cone segmente 825 become lodged within the expandabte 
tubular member 120 during the radial expansion process, then a ball 280 may be 
placed in the throat 815aa of the passage 815a of the tubuter support member 815. 
The continued injection of the fluidic material 275 following the piacwnent of the ball 
280 in the throat 81 5aa of the passage 81 6a of the tubular support member will then 
pressurize the radtel passage 815b and an annuter portion 835fga of the countert)ore 
835fg. As a result of the pressurizatlon of the annular portion 835^a of the 
countertjore 835fg, the tubular steeve 835f. the pin 835b, the reteining ring 835c, the 
ring 835d, the spring 835e. and the tubuter sleeve 835a of the dog assembly 835. and 
the spilt ring colter 830 are driven backward thereby displacing the expanston cone 
segmente 825 backwards In the axtal direction away from the end slop 820. Inthte 
manner, the oubide diameter of the expanston cone segmente 825 te thereby reduced 
and the apparatus 800 may then be removed from the expandabte tubuter member 
120. 

Referring now to Rgs. 18a, 18b, 18c and 18d. an embodiment of an adjustable 
expanston cone assembly 800 will be described. The assembly 900 includes a tubuter 
support member 905 that defines a passage 905a and includes an expanston cone 
support flange assen*ly 905b that Is coupted to an end stop 910 that defines a 
passage 910a. The expansion cone support flange assembly 905b includes a first 
tubuter end 905ba, a second tubuter end 905bb. and an intermedtete hexagonal 
conical tubular body 905bc that Includes a plurality of substantially Identical and equally 
spaced apart expanston cone segment support slote 905bcaa-905bcaf on each of the 
facete of the hexagonal tubuter body. 

A plurality of first expanston cone segmente 91Sa-91Sc are provided that 
Include T-shaped retaining members 915aa-915ca that mate with and are movably 


received wKhin the T-6haped slots 905bcaa, 90Sbcac. and 905bcae of the hexagonal 
conical tubular body 905bc of the expansion cone support assembly 905bp T-shaped 
retaining members 915sd!)-915cb, exterior top surfaces giSao-915cc exterior top 
surfaces 915ad-91Sod. exterior top surfaces 91Sae-915ce, exterior top surfaces 91Saf- 
5 915cf. and exterior top surbces gi5ag-915cg. in an exenq)lary embodiment, the 
exterior top sirfaces 915ao-915cc and the exterior top surfeces 915ad-915cd are 
arcuate conical surfaces in which the angle of attadc of the exterior top suriaces 915ao- 
91 Sec is greater than the angle of attadc of the exterior top surfiaGes 915ad-91Scd. 

A plurality of second expansion cone segments 920a-920c» that are interieaved 

10 with and complementary shaped to the first expansion cone segments 91 5a-91 5c, are 
also provided that include T-shaped retaining membere 920aa-920ca that mate with 
and are movably received within the T-shaped slots 905bcab, gosbcad. and 905bcaf of 
the hexagonal conical tubular body 905bc of the expansion cone support assembly 
905b, T-shaped retaining members 920ab-920cb, exterior top surfaces g20ac-920cc, 

15 exterior top surfaces 920ad-920cd, exterior top surfaces 920ae-920ce, exterior top 
surfaces 920ar-920cf, and exterior top surfaces 920ag-920cg. in an exemplary 
embodiment, the exterior top surfaces 920ao-920cc and the exterior top surfaces 
920ad-920cd are arcuate conical surikces in which the angle of attack of the exterior 
top surfaces 920ao-920cc is greater than the angle of attack of the exterior top 

20 suriaces 920ad-920cd. 

A spilt ring collar 925 is provided that defines a passage 925a for receiving the 
tubular support member 90S that includes an L-shaped retaining member 925b at one 
end and another end of the spilt ring coUar 925 Includes T-shaped slots, 925c, 92Sd, 
925e, 925f, 925g. and 925h, for nnating with and receiving the T*shaped retaining 

25 members, 915ab, 920ab, 915bb, 920bb, giScb. and 920cb, oftheexpanston oone 

segments, 915a, 920a, giSb, g20b, 915c. and 920c, respectively. A tubular sleeve 930 
Is provided that defines a passage 930a for receiving the tubular support member 905 
and that also includes a slot 930b for receiving and mating with the L-shaped retaining 
member 925b of the split ring collar 925. 

30 During operation of the assembly 900, as Illustrated in Figs. 18a, 18b, 18c, and 

18d, in an unexpended position, the expansion cone segments, 915a, 915b, 915c. 
915d, 920a, g20b, 920c, and 920d are positioned adjacent to the base of the 
hexagonal conical tubular body 905bc of the expansion cone support flange 90Sb away 
firom the end stop 91 0. In this manner, the outside diameter of the expanston oone 

35 segments Is less than or equal to the maximum outsMe diameter of the assembly. 
Furthermore, in the unexpended position, the expanston cone segments. 915a, 915b. 


and 915c are positoned ftirther away from the end stop 910 than the mpanslon cone 
segments, 920a. 920b. and 920a 

As niustrated In Figs. 19 and 19a, the assembly 900 may then be expanded by 
displacing the tubular sleeve 930 and the spnt ring ooUar 925 In the axial direction 
towards the expansion cone segment support membere 705bb. As a result the 
expansion cone segments, 915a. 915b. 915c, 920a. 920b, 920c are driven up the 
hexagonal oonlcai tubular body 905bc of the expansion cone support flange 905b until 
the expansion cone segments Impact the end stop 910. In this manner, the outside 
diameter of the expansion segments, 915a, 915b, 915c 920a. 920b. and 920c b 
greater than the maximum diameter of the remaining components of the assembly 900. 
Furthemwre. the conical outer surfaces, 91 Sac, 915bc, 915cc 920ac 920bc and 
920CC. and the conical outer surfaces. 915ad, 915bd, 915cd. 920ad, 920bd, and 920cd 
of the expansion cone segments, 915a. 915b. 915c 920a, 920b, and 920c 
respectively, may now be used to radially expand a tubular member. In an exemplaiy 
embodiment, the outer conical surfaces. 915ac 915bc 915cc 920ac 920bc and 
920CC and the conical outer surfiaces, 915ad, 915bd. 916od. 920ad. 920bd, and 920cd 
of the expansion cone segments. 915a. 915b, 915c 920a, 920b. and 920c 
respectively, in the expanded position of the assembly 900, provide a substantially 
continuous outer oonlcai surfeces In the circumferential direction. Futtiennore. note 
that in the expanded position of the assembly 900. the first set of expansion cone 
segments. 915a. 915b. and 915c. are brought Into alignment with the second set of 
expansion cone segments, 920a. 920b, and 920& 

The assembly 900 may then be returned to the unexpended position by 
displacing the tubular sleeve 930 and the split ring collar 925 In the axial direction away 
fiom the end stop 910. As a result, the expansion cone segments, 915a, 915b, 915c 
920a, 920b. and 920c are displaced away from the end top 910, down the conical 
hexagonal tubular member 905bc and thereby are returned to a position In which the 
outside diameter of the expansion cone segments is less than or equal to the maximum 
diameter of the remaining components of the assembly 900. 

in several alternative embodiments, the assembly 900 is Incorporated Into the 
assembOes 200, 300, 400, and 800. 

RefeiTing to Fig. 20a, an embodiment of an expansion cone segment assembly 
1000 Includes Interiocking expansion cone segmente, 1000a. 1000b. 1000c lOOOd. 
lOOOe, and lOOOf. 


Referring to F^. 20b. an embodiment of an expansion cone segment assembly 
1100 includes interlocking expansion cone segments, 1100a, 1100b. 1100c llOOd, 
1100e.and1100f. 

Inferring to Fig. 20c, an embodiment of an expansion cone segment assembly 
5 1200 includes intertoddng expansion cone segments. 1200a, 1200b, 1200c, 1200d, 
1200e.and1200f. 

Refem'ng to Hg. 20d, an embodiment of an expansion cone segment assembly 
1300 indudes interlocking expansion cone segments. 1300a, 1300b. 1300c 1300d. 
1300e, andiaoor. 

10 Referring to Fig. 20e, an embodiment of an expanston cone segment assembly 

1400 includes Interlocking expansion cone segments, 1400a, 1400b, 1400c. 1400d, 
1400e. and 1400f. 

Referring to Fig. 20f, an embodiment of an expansion cone segment assembly 
1500 includes interiocking expansion cone segments. 1500a, ISOOb, 1500c ISOOd. 
15 1S00e,and1500f. 

Refenlng to Fig. 20g. an emt)odiment of an expansion cone segment assembly 
1600 includes interiocking expanston cone segments, 1600a. 1600b. 1600c 1600d. 
leOOe, and 16001. 

Referring to Fig. 20h, an embodiment of an expanston cone segment assembly 
20 1700 Includes Interiocking expanston cone segments, 1700a. 1700b, 1700c, 1700d, 
1700e, and 1700f. 

Refenlng to Rg. SOU, an embodiment of an expanston cone segment assembly 
1800 includes interiocking expanston cone segmente, 1800a. 1800b, 1800c, 1800d, 
1800e. and 1800f. 

25 Referring to Rg. 20]. an embodiment of an expanston cone segment assembly 

1900 includes interiocking expanston cone segments. 1900a. 1900b. 1900c. 1900d. 
1900e.and1900f. 

Refenlng to Fig. 20k. an embodimoit of an expansion cone segment assembly 
2000 indudes Interiocking expansion cone segments. 2000a. 2000b. 2000c 2000d. 
30 2000e. and 2000f. 

Referring to Rg. 201. an embodiment of an expanston cone s^ment assembly 
2100 indudes interiocking expansion cone segments, 2100a, 2100b. 2100c 2100d. 
2100e.and2100r. 

Refening to Fig. 20m. an embodiment of an expanston cone segment assembly 
35 2^ indudes interiocking expanston cone segmente. 2200a. 2200b. 2200c 2200d, 
2200e,and2200f. 


The expansion oone segnwnt assemblies 1000. 1100, 1200, 1300, 1400. 1500, 
11500, 1700, 1800, 1900, 2000, 2100, and 2200 provide enhanced operationai 
properties such as, for example, efficient radial expansion of mpandable tubular 
members and durability during operation. 
5 In several alternative embodiments, the design and operational features of the 

apparatus 200. 300. 400. 500. 600. 700, 800, 900. 1000, 1100. 1200. 1300. 1400, 
1500, 1600, 1700, 1800. 1900, 2000. 2100, and 2200 may be combined, in whole or in 
part, and/or the design and operational elements of the apparatus 200, 300. 400, 500, 
600. 700, 800, 900. 1000, 1100. 1200. 1300. 1400. 1500. 1600. 1700, 1800. 1900. 
10 2000, 2100, and 2200 may be interspersed among each other. 

In several alternative embodiments, the apparatus 200. 300, 400. 500. 600. 
700. 800, 900. and 1000. 1100, 1200. 1300, 1400. 1500, 1600. 1700, 1800. 1900. 
2000, 21 00, and 2200 may be used to form or repair weObore casings, pipelines, or 
structural supports. 

15 In several alternative embodiments, the apparatus 200. 300. 400. 500, 600, 

700. 800, 900, 1000, 1100. 1200, 1300, 1400, 1500. 1600. 1700, 1800. 1900. 2000, 
2100, and 2200 include two or more expansion cone segments that may be movabiy 
support and guided on a teq^ered expansion cone support body that may, for example, 
be conical, or may be a multi-sided body. 

20 In several alternative embodiments, the design and operation of the apparatus 

200. 300. 400. 500, 600. 700. 800. 900. 1000, 1100. 1200. 1300. 1400. 1500, 1600, 
1700, 1 800. 1900. 2000. 2100, and 220O are provided substantially as disclosed in one 
or more of the following: (1) U.S. patent application serial na 091^.130, attorney 
dodcet no. 25791.03.02, filed on 12/3^1999, (2) U.S. patent application serial no. 

25 09/510,913, attorney dodtet na 25791.7.02. filed on 2/23/2000. (3) U.S. patent 

application serial no. 09/502,350, attorney docket no. 25791.8.02, filed on 2/10/2000. 
(4) U.S. patent application serial no. 09/440.338, attorney docket no. 25791.9.02, filed 
on 11/15/1999, (5) U.S. patent applicatton serial no. 09/523.460. attorney docket no. 
25791 .11. 02. filed on 3/10/2000. (6) U.S. patent applicatton serial no. 09/512.895. 

30 attorney docket no. 25791 .1 2.02. filed on 2/24/2000. (7) U.S. patent application serial 
no. 09/511.941, attorney docket no. 25791.16.02, filed on 2^4/2000, (8) U.8. patent 
application serial no. 09/588,946, attorney docket no. 25791.17.02. fited on 6/7/2000, 
(9) U.S. patent application serial no. 09/559.122. attorney docket no. 25791 .23.02. fited 
on 4/26/2000. (10) PCT patent appHcatton serial no. PCTAJ800/18635. attorney docket 

35 no. 25791.25.02. fited on 7/9/2000. (1 1) U.S. provlstonal patent application serial no. 
60/162,671. attorney docket no. 25791.27, filed on 1 1/1/1999. (12) U.S. provisional 
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patent appGcation serial no. 60/154,047. attorney docket no. 25791.29. filed on 
9/16/1999, (13) U.S. provisional patent application serial no. 60/159,082, attorney 
dodcet no. 2S791 .34. filed on 10/12/1999, (14) U.S. provisional patent application serial 
no. 60/159,039. attorney docket no. 25791.36. filed on 10/12/1999, (15) U.S. 

5 provisional patent applicatton serial no. 60/1 59,033. attorney docket no. 25791 .37. filed 
on 10/12/1999, (16) U.S. provtslonai patent application serial no. 60/212.359. attorney 
docket no. 25791.38, filed on 6/19/2000. (17) U.S. provistonal patent applicatton serial 
no. 60/165.228, attorney docket no. 25791 .39, filed on 1 1/12/1999. (18) U.S. 
provlskMial patent application serial no. 60/221 .443, attorney docket no. 25791 .45, filed 

10 on 7/28/2000, (19) U.S. provisional patent applicatton serial no. 60/221 ,645, attorney 
docket no. 25791.46. filed on 7/28/2000. (20) U.S. provistonal patent application serial 
no. 60/233.638. attorney docket na 25791.47, filed on 9/18/2000, (21) U.S. provisional 
patent application serial no. 60/237.334. attorney docket no. 25791 .48, filed on 
10^2000. (22) U.S. provisionat patent applicatton serial no. 60/270,007. attorney 

1 5 docket no. 25791 .50, filed on 2/20/2001 ; and (23) U.S. provisional patent appltoation 
serial no. 60/262.434, attorney docket no. 25791.51. filed on 1/17/2001; and (24) U.S. 
provisional patent appltoation serial no. 60/259,486. attorney docket no. 25791 .52, filed 
on 1/3/2001. the disetosures of wiilch are incorporated herein tiy reference. 
Although illustrative embodiments of the inventton have been shown and 

20 described, a wMe range of modifieation, changes and subsfltutton is contemplated in 
ttie foregoing disclosure. Accordingly, It is appropriate that the appended claims be 
constmed broadly. 
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Claims 

1 . A method of plastically deftxming and radially expanding an expandable tubular 
member using an apparatus comprising a tubular support member, an adjustable 
expansion device movaWy coupled to the tubular support member, and an actuator 
5 movablycoupledtothetubularsupportmemberlbrac^ustingtheadiustableexpanslon 

device, comprising: 

coupling a flret end of the expandable tubular member to a tubular structure; 

Inserting the apparatus into the first end of the expandable tubular member in a 
first direction: 

10 displacing the actuator of the apparatus in a second direction opposite to the 

first direction: 

applying a resHlent biasing force to ttie adjustable expansion device In the 
second direction; 

moving the actuator and the adjustable expansion device of the apparatus out 
15 of a second end of the expandable tubular member. 

reinserting the actuator of the apparatus into the second end of the expandable 
tubular nwrnber in the second direction; 

increasing the outside diameter of the adjustable expansion device by 
displacing the actuator and the adjustable expansion device relative to the expandable 
20 tubular member In the first direction; and 

plastically defonning and radially expanding the expandable tubular member by 
moving the adjustable expansion device through the expandable tubular member In the 
second direction. 

25 2. ThemethodofdalmtvKherelndlsplaclngtheactuatoroftheapparatuslnthe 

second dbecUon comprises: 

impacUng the actuator with the first end of the expandable tubular member. 

3. The method of claim 1 . wherein displacing the actuator and the adjustable 
30 expansion device relative to the expandable tubular member In the firel diredlon 

comprises: 

impacting the actuator with the second end of the expandable tubular member. 

4. Themethodofdalml.whereinmovlngtheacflustableexpanslondevlcethrough 

35 the expandable tubular member comprises: 

puHing the adjustable expansion device through the expandable tubular 
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member. 

s 

5. The method of claim 1 . further comprising: 

fiuidldy sealing the interface t)etween the tubular support member of the 
5 apparatus and the expandable tubular member, 

wherein moving the adjustable expansion device through the expandable 
tubular member comprises: 

injecting a pressurized fluid into the tubular support member. 


10 6. An apparatus for plastically defomning and radially expanding an expandable 
tubular member, comprising: 

a tubular support member; 

an adjustable expansion device movably coupled to the tubular support 
member. 

1 5 actuating means for actuating the adjustable expansion device; 

nr)eans for displadng the actuating means of the apparatus in a first direction; 
means for applying a resilient biasing force to the adjustable expansion device 
when the actuating means is displaced in the first direction; 

means for increasing the outside diameter of the adjustable expansion device 
20 by displacing the actuating means and the adjustable expansion device relative to the 
expandable tubular member In a second direction opposite to the first direction. 


7. The apparatus of daim 6, wherein the means for displacing the actuating means 
of the apparatus in the first direction comprises: 
25 means for impacting the actuating nieans. 


8. The apparatus of claim 6, wherein the means for displacing the actuating means 
and the adjustable expansion device relative to the expandable tubular member in the 
second direction comprises: 
30 means for Impacting the actuating means. 
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